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SUMMARY 


This  report  summarizes  the  work  conducted  under  the  study  entitled 
"Design  Study  for  Mounting  the  Class  30  Medium  Armored  Vehicle  Launched 
Bridge  and  Launch  Mechanism  on  a  Suitable  Trailer."  The  report  includes  the 
following  material: 

o  Descriptions  (including  drawings)  of  preliminary  designs  of  the 
trailer-mounted  and  -launched  Class  30  assault  bridge,  based  on 
seven  concepts. 

o  Estimated  cost  to  design  and  build  two  prototype  systems. 

o  Comparison  of  the  seven  preliminary  designs.  Including 
technical,  operational,  and  cost  trade-offs. 

o  Recommendation  of  the  preferred  concept  with  supporting 
rationale. 

The  study  concluded  that  the  preferred  concept  is  a  scissors  bridge 
based  on  the  existing  bridge  and  launch  mechanism  design,  but  incorporating 
modifications  that  improve  air  and  ground  transport  and  functional 
characteristics.  Also  included  is  a  mechanized  system  for  narrowing  the 
bridge  to  permit  loading  it  into  C-1M1  aircraft. 

This  concept  was  preferred  by  a  small  margin  over  a  similar  concept 
that  narrows  the  bridge  for  air  transport  manually  by  means  of  detachable 
deck  extensions.  Also,  the  scissors-brldge  and  double-scissors  bridge 
concepts  are  judged  to  meet  the  requirements  of  the  Revised  Draft  Required 
Operational  Capability  for  the  Light  Assault  Bridge,  TRADOC  ACN  67203, 
dated  15  September  81,  except  for  cross-country  mobility  characteristics. 

If  cross-country  mobility  is  of  overriding  importance,  a  double-scissors 
bridge  design,  which  folds  into  a  more  compact  package,  would  become  the 
preferred  concept.  All  versions  of  the  trailer-mounted  bridge  appear 
inferior  in  cross-country  mobility  capability  to  typical  military 
trailer-mounted  equipment;  however,  the  double-scissors  bridge  has 
significantly  better  cross-country  mobility  characteristics  than  the  other 
concepts  considered  in  this  study. 
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PREFACE 


This  report  is  submitted  to  the  U.S.  Army  Mobility  Equipment  Research 
and  Development  Command  (MERADCOM),  Fort  Bel voir,  Virginia  22060,  by  Arthur 
D.  Little,  Inc.,  20  Acorn  Park,  Cambridge,  Massachusetts  02140,  and  was 
prepared  under  Task  Order  No.  0021  of  Contract  No.  DAAK-70-79-D-0036.  This 
report  was  prepared  under  the  guidance  of  Messrs.  Gerald  Wilber,  Richard 
Helmke,  and  George  Williams  as  the  technical  points  of  contact,  and  Mr. 
Kenneth  Dean  as  the  C0TR.  Questions  of  a  technical  nature  should  be 
directed  to  William  P.  Hidden,  (617)  864-5770,  the  Technical  Program 
Manager  and  principal  investigator  of  the  study.  The  Administrative  Program 
Manager  was  Roger  G.  Long,  and  other  investigators  included  Robert  H.  Bode, 
Thomas  P.  Howard,  Richard  S.  Lindstrom,  and  Robert  M.  Lucas. 
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1.0  INTRODUCTION  AMD  SUMMARY 


This  report  summarizes  the  results  of  a  design  study  in  which  seven 
concepts  for  a  Class  30  trailer-aounted  and  -launched  assault  bridge  were 
investigated  and  compared.  These  concepts  included  three  scissors-type 
bridges,  a  flip-launch  bridge,  a  beam-launch  bridge,  and  two 
double-scissors-type  bridges.  The  comparison  included  technical,  operational, 
and  cost  trade-offs. 

1.1  Background 

Both  the  Army  and  the  Harine  Corps  urgently  need  an  air-transportable 
lightweight  bridging  system  to  support  light  infantry  in  rapid  deployment 
force  operations.  The  revised  draft  Required  Operation  Capability  for  the 
Light  Assault  Bridge,  15  September  1981,  cites  the  following  operational 
deficiency: 

Sophisticated  Threat  target  acquisition  capability, 
weapons  accuracy,  and  weapon  response  time  dictate,  that 
during  the  1980's  time  frame,  friendly  forces  will  require 
the  mobility  to  rapidly  maneuver  on  the  battlefield, 
maintain  dispersion  and  quickly  mass  to  concentrate  fires. 

These  maneuvers  must  take  place  with  no  time  delays  being 
caused  by  gap  obstacles  covered  by  fire.  The  Army  does  not 
have  the  capability  for  light  forces  to  cross  gaps  in 
stride  under  fire.  Because  of  the  worldwide  threat,  the 
U.S.  Army  has  the  requirement  to  rapidly  deploy  light 
forces  quickly.  The  Armored  Vehicle  Launched  Bridge 
(AVLB),  which  is  mounted  on  a  M60  or  H48  tank  chassis,  is 
the  current  Army  standard  assault  bridge.  It  is  too  heavy 
and  too  large  for  strategic  airlift  in  the  designated 
C-141  aircraft  and  is  not  compatible  with  light  force 
operations.  Lightweight  bridges  which  are  currently 


15 


Arthur  D  Little  Inc 


available  (M4T6  dry  span,  M2  Bailey  and  Medium  Girder 
Bridge)  are  manpower-intensive  and  slow  to  construct, 
making  them  inappropriate  for  an  assault  operation. 

In  1971,  an  Army-designed  Class  30  medium  armored  vehicle  launched  bridge 
with  a  60-foot  span  was  built  and  tested  in  prototype  form.  Although  the 
project  was  terminated  before  publication  of  a  report,  the  testing  is 
considered  to  have  been  generally  successful.  This  system,  which  comprised  a 
scissors  bridge  and  hydraulically  actuated  launch  mechanism  utilizing  an 
overhead  cantilever  launch  technique,  provided  the  starting  point  for  this 
study,  in  which  trailer-mounted  and  -launched  versions  of  the  existing  design 
are  compared  to  other  concepts. 

1.2  Objective 

The  objective  of  this  task  order  was  to  determine  the  configuration  of 
and  development  cost  for  a  lightweight,  light  load  class,  high-mobility 
assault  bridge  for  the  Light  Division. 

1.3  Scope  of  Work 

The  scope  of  this  study  included  the  following  tasks: 

o  Task  I.  Prepare  a  preliminary  design  representing  the 
minimum  modification  required  to  adapt  the  existing  Army 
design  of  a  Class  30  medium  armored  vehicle  launched 
bridge  for  mounting  on  a  suitable  trailer. 

o  Task  II.  Investigate  modifications  to  the  Task  I  bridge 
and  launch  system  to  reduce  mass  and  bulk  and  to  Improve 
system  mobility  and  function.  Under  this  task,  two 
preliminary  designs  were  prepared: 

—  Task  IIA.  A  sclssors-bridge  system  modified  to 
improve  air  and  ground  transport  characteristics  and 
eliminate  hydraulics  from  the  bridge. 
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—  Task  IIB.  Further  Modification  of  a  scissors-bridge 
system  to  provide  mechanized  narrowing  for  air 
transport . 

o  Task  III.  Prepare  preliminary  designs  based  on  a 
flip-launch  bridge  concept,  suggested  by  the  U.S.  Army 
Mobility  Equipment  Research  and  Development  Command 
(MERADCOM),  and  a  contractor-selected  concept.  The 
contractor  originally  selected  a  beam-launch  bridge 
concept  utilizing  a  telescoping  traverse  beam  which  is 
part  of  the  trailer  frame.  When  it  became  apparent  that 
all  concepts  under  consideration  had  poor  cross-country 
mobility  characteristics,  a  double-scissors  bridge  concept 
was  also  Included.  This  concept  utilizes  the  same  launch 
mechanism  as  the  Task  II  concepts,  but  folds  into  a 
shorter  package,  therefore  having  better  cross-country 
mobility  characteristics  than  any  of  the  other  concepts. 

MERADCOM  has  also  built  and  tested  a  prototype  bridge  of 
this  type. 

Therefore,  Task  III  included  preparation  of  the  following  preliminary 
designs: 

Task  IIIA.  Flip-launch  bridge  system. 

Task  IIIB.  Beam-launch  bridge  system. 

Task  IIIC1.  Double-scissors  bridge  system. 

Task  IIIC2.  Double-scissors  bridge  system  modified  to  provide 
mechanized  narrowing  for  air  transport. 

Also  included  in  the  scope  of  work  were: 

o  Preparation  of  an  estimated  cost  to  design  and  build  two 
prototype  systems  for  each  of  the  concepts  under 
consideration. 
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o  Comparison  of  all  concepts,  including  technical, 
operational,  and  cost  trade-offs,  and  a  recommendation 
for  the  preferred  concept. 

Table  1  summarizes  the  salient  characteristics  of  the  seven  aystem 
concepts.  Complete  descriptions  of  the  concepts  appear  in  Chapters  2  through 
8.  The  preliminary  design  layout  drawings  are  included  in  Appendix  A. 

During  the  study,  considerable  effort  was  expended  in  determining  how  to 
meet  the  requirement  of  air  transportability  in  C-130  aircraft,  as  originally 
required  by  the  draft  Required  Operation  Capability  (ROC).  When  the  study  was 
in  progress  for  approximately  two  months,  this  requirement  was  eliminated, 
and  the  C— •  141  was  designated  as  the  only  aircraft  to  be  used.  This  change  had 
an  important  impact  on  the  problems  involved  in  narrowing  the  bridge  for  air 
transport,  since  the  maximum  cargo  widths  permitted  for  loading  are  99  inches 
in  the  C-130  aircraft  and  111  inches  in  the  C-141  aircraft. 

1.4  Findings 

1.4.1  Coat  Estimates 


Table  2  summarizes  the  estimated  costs  to  design  and  build  two  prototype 
systems  for  each  concept.  Detailed  cost  estimates  are  provided  in  Tables  4 
through  10  in  Chapter  12. 

1.4.2  Comparison  of  Concepts 

Table  3  summarizes  the  comparison  of  the  seven  concepts,  including 
technical,  operational,  and  cost  trade-offs.  A  detailed  listing  of  the 
trade-offs  and  a  discussion  of  the  supporting  rationale  are  provided  in 
Chapter  13. 
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Weight  with  4 -wheel,  14  x  17.5  tire  suspension. 

cHuaericel  racings  ere  c operative;  lower  mahtn  indicate  better  ratings. 


1.5  Conclusion! 


1.5.1  Task  IIIA  Concept  (Flip-Launch  Bridie)  and 
Taak  IIIB  Concept  (Beam-Launch  Bridge) 

These  concepts  compare  less  favorably  with  all  other  concepts  In  most  of 
the  Important  criteria.  Their  only  superior  characteristic  is  their  longer 
span.  Should  a  span  longer  than  60  feet  become  a  required  or  desired 
configuration,  the  double-scissors  concepts  offer  the  better  basis  for 
designing  a  longer  bridge. 

1.5.2  Task  I  Concept  (Sclaaora  Bridge  with  Minimum 
Modification  of  Existing  Army  Design) 

The  modifications  necessary  to  improve  the  aircraft  loading  and 
cross-country  mobility  characteristics  of  this  concept  and  to  remove  the 
hydraulics  from  the  bridge  (i.e.,  the  changes  embodied  in  the  Task  IIA 
concept)  are  relatively  low  in  additional  cost  and  development  risk.  The  Task 
1  concept  should  therefore  be  eliminated  from  consideration. 

1.5.3  Task  IIA  and  IIB  Sclasors-Brldte  Concepts  va  Task  IIIC1  and  IIIC2 
Double-Scissors  Bridge  Concepts 

The  single-scissors  bridge  concepts  have  advantages  over  the 
double-scissors  bridge  concepts  in  aircraft  loading,  launch  and  retrieval 
characteristics,  RAM  characteristics,  and  cost.  The  Task  IIA  and  IIB  concepts 
are  therefore  preferred  over  the  Task  IIIC1  and  IIIC2  concepts.  However,  if 
cross-country  mobility  becomes  an  overriding  consideration,  then  the 
double-scissors  bridge  concepts  would  be  preferred  because  of  their 
significantly  better  (although  still  only  fair)  mobility  characteristics.  All 
four  concepts  are  capable  of  satisfying  all  important  requirements  of  the 
draft  ROC  except  for  cross-country  mobility. 

1.5.»  Task  IIA  Scissors  Bridge  va  Task  IIB  Sclaaora  Bridge 

The  manually  detachable  deck  extensions  of  the  Task  IIA  concept  and  the 
folding  cross-bracing  of  the  Task  IIB  concept  are  considered  to  be 
approximately  equal  in  degree  of  complexity.  The  mechanized  narrowing  of  the 
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Task  IIB  concept  offers  advantages  in  that  it  provides  ease  of  preparation 
for  ground  transport  after  unloading  fron  the  aircraft,  and  in  its  ability  to 
be  towed  to  the  launch  site  in  the  narrow  width  if  desired.  The  Task  IIB 
concept  is  therefore  the  preferred  system,  although  the  choice  over  the  Task 
IIA  concept  is  close. 

1.6  Reco— endatlons 


Based  on  the  above  conclusions,  we  recommend  that  the  Task  IIB  concept, 
scissors  bridge  with  folding  cross-bracing  and  mechanized  narrowing,  be  the 
basis  for  design  of  the  prototype  trailer-mounted  assault  bridge  systems. 
However,  we  also  recommend  that  scale  models  of  the  Task  I,  Task  IIA  and  IIB, 
and  Task  IIIC1  and  XIIC2  concepts  be  built  and  studied  at  the  earliest 
possible  date.  This  will  provide  greater  Insight  into  the  relative  merits  of 
the  concepts  and  will  identify  potential  development  problems  at  an  early 
stage. 
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2.0  TASK  I.  SCISSORS  BUDGE.  HIMHUH  MODIFICATION 

2.1  System  Characteristics 

This  system  concept  is  illustrated  in  preliminary  design  form  in  Appendix 
A.  Drawing  E-41 93-007,  Sheet  1.  It  represents  the  minimum  modification 
required  to  adapt  the  existing  Army  design  of  a  Class  30  assault-bridge  and 
tank-chassis-mounted  launch  mechanism  to  a  trailer-mounted  and  -launched 
configuration.  The  bridge  is  a  single-fold  scissors-type  with  geared  hinges 
in  the  bottom  chords  and  a  folding  mechanism  actuated  by  a  hydraulic  cylinder 
mounted  on  the  bridge.  The  bridge  is  launched  by  the  overhead  cantilever 
method,  using  a  fully  automatic  remote-controlled  mechanism  actuated  by 
hydraulic  cylinders  powered  by  a  diesel-engine-driven  supply  unit  mounted  on 
the  trailer. 

2.2  Bridge 

The  dimensions  of  this  bridge  are  as  follows: 

Span:  60  ft 

Overall  Length:  62  ft,  6  in. 

Roadway  Width:  126  in. 

Overall  Width  (including  curbs):  130  in. 

Air  Transport  Width:  110  in. 

Ground  Transport  Width:  130  in. 

The  bridge  is  identical  to  the  existing  Army  design  defined  by  MERADCOM 
Drawings  D13219E1071  through  D13219E1087,  except  for  the  following  changes: 

o  Modification  of  the  extruded  aluminum  bottom  chords  to 
compensate  for  the  lower  tensile  strength  of  7005-T53 
aluminum  as  compared  to  the  7039-T53  aluminum  specified  in 
the  drawings.  This  change  is  necesssry  since  7039  alwinum 
is  no  longer  used  in  Army  bridges  because  of  stress 
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corrosion  problems.  The  thickness  of  the  bottom  chords  was 
increased  from  0.44  to  0.47  in. 

o  Addition  of  deck  extensions  to  the  outer  edges  of  the 
treadways;  detachable  to  narrow  the  bridge  to  110  in.  for 
loading  in  the  C-141  aircraft.  These  extensions  are  in 
4  ft  lengths  and  are  manually  attached  to  the  bridge  after 
it  is  unloaded  from  the  aircraft  by  means  of 
slidable-engaging,  interlocking,  extruded  aluminum 
channels  welded  to  the  edges  of  the  deck  and  the 
extensions.  The  extensions  have  upstanding  curbs  to 
prevent  vehicles  from  sliding  off  the  bridge.  These  curbs 
are  attached  to  the  extensions  by  fasteners  that  are 
designed  to  fail  under  overload  conditions  without 
damaging  the  deck  extensions.  The  deck  extensions  are 
stowed  in  a  compartment  on  the  trailer  frame  under  the 
bridge  during  air  transport.  Figure  1  presents  a 
conceptual  design  for  these  deck  extensions. 

o  Repositioning  of  the  outer  girders  to  achieve  the  110  in. 
air  transport  width. 

Construction  materials  are: 

Deck:  7005-T53  aluminum  extrusion  (existing  design) 

Bottom  chords:  7005-T53  aluminum  extrusion  (slightly  modified 
existing  design) 

Girder  webs:  6061-T6  aluminum  sheet 

Attachments,  etc.:  6061-T6  aluminum  plate  and  sheet 

Cross-bracing:  7005-T53  aluminum  extrusions  and  6061-T6 
alunlnum  plate 
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Interrupted  Retaining  Strips 


Section  Length 


Plan  View.  Scale:  K'-l' 


Sectional  View,  Scale:  %  Size 


FIGURE  1  CONCEPTUAL  DE8IGN:  DECK  EXTENSIONS 
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Folding  linkage  and  pick-up  sockets:  T-1  steel 


Hinges  and  pins:  43<t0  steel 

Curbs:  7005-T53  aluminum  extrusion  (new  design) 

2.3  Launch  Mechanism 


With  one  exception,  the  launch  mechanism  is  identical  to  the  existing 
Army  design  defined  by  the  unnumbered  preliminary  drawings  which  accompanied 
the  Statement  of  Work  for  this  Task  Order.  The  pivot  point  for  the  launch 
boom  was  moved  to  a  lower  position  to  adapt  to  the  trailer  mounting  and  to 
keep  the  height  of  the  bridge  in  the  stowed  position  at  the  rear  of  the 
trailer  from  exceeding  the  limit  for  loading  in  the  C-141  aircraft.  This 
change  made  it  necessary  to  relocate  the  boom  actuating  cylinders  and  their 
mounting  points.  No  change  was  made  in  the  operation  of  the  launch  mechanism, 
however . 

2. A  Launch  Sequence  (Appendix  A,  Drawing  E-A193-007,  Sheet  2) 

1.  Position  trailer.  This  step  is  accomplished  while 
communicating  with  observing  personnel  in  an  accompanying 
vehicle. 

2.  Start  power  supply  engine.  This  step  is  done  from  inside 
the  tow  vehicle  by  using  the  glow  plug  switch  and  starter 
push  button  on  the  remote  control  panel.  It  can  be  done 
while  the  trailer  is  being  moved  into  position. 

3.  Deploy  outriggers.  Hydraulic  cylinders  rotate  the 
outriggers  to  a  vertical  position.  The  cylinders  are 
controlled  by  a  solenoid  valve  actuated  from  inside  the 
tow  vehicle  by  3-position  (extend-off-retraet)  push 
buttons  on  the  remote  control  panel.  (All  of  the  following 
launch  functions  are  controlled  in  the  same  way.) 

Estimated  time  is  15  seconds. 
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4.  Lower  outriggers  to  level  the  trailer  laterally.  The 
outriggers  are  controlled  separately.  Estimated  time  is  30 
seconds. 

5.  Raise  bridge.  The  launch  boom  is  rotated  approximately  90 
degrees  by  extending  its  actuating  cylinders,  raising  the 
bridge  to  an  approximately  vertical  position.  Estimated 
time  is  30  seconds. 

6.  Unfold  and  lower  bridge  on  far  bank.  These  operations  are 
performed  simultaneously  by  extending  the  launch  tongue 
cylinders  to  lower  the  bridge  and  retracting  the  folding 
cylinder  to  unfold  the  bridge.  The  operator  must 
coordinate  the  two  operations  so  that  the  bridge  is  fully 
unfolded  before  it  lands  on  the  far  bank.  Estimated  time 
is  90  seconds. 

7.  Retract  lock  pins.  Hydraulic  cylinders  retract  the  lock 
pins,  disengaging  them  from  the  pick-up  sockets  in  the 
toes  of  the  bridge  ramps.  Estimated  time  is  5  seconds. 

8.  Lower  bridge  on  near  bank.  The  tongue  cylinders  are 
extended  as  required  to  set  the  bridge  down  on  the  near 
bank.  On  a  bank  with  lateral  slope,  adjusting  the 
outriggers  may  be  necessary  to  lower  the  bridge  to  an 
equilibriun  position.  Estimated  time  is  10  seconds. 

9.  Raise  and  stow  outriggers.  Estimated  time  15  seconds. 

10.  Disengage  launch  mechanism  from  bridge.  The  trailer  is 
towed  forward  to  withdraw  the  tongue  cross-pin  from  the 
pick-up  slots  in  the  bridge  and  break  the  hydraulic 
connections.  This  can  be  done  before  the  outriggers  are 
fully  stowed.  Estimated  time  ia  15  seconds. 
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11.  Stow  launch  mechanism.  Boom  and  tongue  actuating 

cylinders  are  retracted.  This  can  be  done  while  driving 
away.  Estimated  time  is  80  seconds. 

12.  Shut  off  power  unit  engine  and  drive  away.  Estimated 
total  launch  time  is  3.5  minutes. 

2.5  Retrieval  Sequence 

1.  Position  trailer.  This  step  requires  communicating  with 
personnel  on  the  ground  or  in  an  accompanying  vehicle. 

2.  Start  power  unit  engine. 

3.  Extend  boom  and  tongue  actuating  cylinders.  Estimated  time 
is  80  seconds. 

*».  Engage  launch  mechanism  with  bridge.  This  step  is  done  by 
lowering  the  tongue  and  backing  up  the  trailer  until  the 
cross-pin  of  the  tongue  is  seated  in  the  pick-up  slots  of 
the  bridge  and  the  hydraulic  connections  are  engaged. 
Direct  supervision  by  the  operator  is  required.  Estimated 
time  is  60  seconds. 

5.  Deploy  and  lower  outriggers.  Estimated  time  is  30  seconds. 

6.  Raise  bridge  off  near  bank.  The  tongue  actuating  cylinders 
are  partially  retracted,  lifting  the  bridge  until  the  lock 
pins  are  alined  with  the  pick-up  sockets  in  the  toes  of 
the  bridge  ramps.  Estimated  time  is  20  seconds. 

7.  Engage  lock  pins.  Estimated  time  is  5  seconds. 

8.  Raise  and  fold  bridge.  The  tongue  actuating  cylinders  are 
retracted  to  lift  the  bridge  off  the  far  bank.  The  folding 
cylinder  is  then  allowed  to  extend  against  pressure  to 
control  the  folding  mechanism  as  the  weight  of  the  ramp 
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folds  the  bridge.  Simultaneously,  the  tongue  cylinders  are 
retracted,  lifting  the  bridge  to  a  vertical  position. 
Estimated  time  is  90  seconds. 

9.  Lower  bridge  onto  trailer.  The  boom  actuating  cylinders 
are  retracted  to  rotate  the  boom  and  lower  the  bridge. 
Estimated  time  is  30  seconds. 

10.  Raise  and  slow  outriggers.  Estimated  time  is  15  second. 

11.  Shut  off  power  unit  engine  and  drive  away.  Estimated  total 
retrieval  time  is  5.5  minutes. 
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3.0  TASK  IIA.  SCISSORS  BRIDGE.  MODIFIED 

3.1  System  Characteristics 

This  system  concept  is  illustrated  in  preliminary  drawing  form  in 
Appendix  A,  Drawing  E-41 93-008.  It  is  similar  to  the  Task  I  system,  but 
Incorporates  the  following  improvements: 

o  Removal  of  the  folding  cylinder  from  the  bridge, 

eliminating  the  need  for  hydraulic  connections  to  the 
bridge  (a  potential  source  of  trouble)  and  removing  the 
vulnerable  hydraulic  cylinder  and  lines  from  the  bridge. 

o  Lowering  of  the  near  end  of  the  bridge  by  6  in.  when 

stowed  on  the  trailer,  easing  the  aircraft  loading 
operation. 

3.2  Bridge 

Dimensions  of  this  bridge  are  the  same  as  the  Task  I  system  as  follows: 
Span:  60  ft  * 

Overall  Length:  62  ft,  6  in. 

Roadway  Width:  126  in. 

Overall  Width  (including  curbs):  130  in. 

Air  Transport  Width:  110  in. 

Ground  Transport  Width:  130  in. 

The  bridge  is  identical  to  the  Task  I  preliminary  design  except  that  the 
folding  mechanism  was  changed  to  provide  for  actuation  by  a  hydraulic 
cylinder  mounted  on  the  launch  mechanism  rather  than  on  the  bridge.  The 
folding  mechanism  is  a  linkage  similar  in  principle  to  the  folding  linkage  in 
the  Army  design.  It  is  of  symmetrical  design  and  is  actuated  by  tubular 
tension  members  from  either  side  of  the  bridge.  The  tension  members  are 
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connected  to  sliding  frames,  one  frame  in  each  half  of  the  bridge.  Sockets  in 
the  sliding  frames  are  engaged  by  a  cross-pin  on  the  piston  rod  of  the 
actuating  cylinder  mounted  on  the  launch  mechanism  tongue. 

3.3  Launch  Mechanism 


The  launch  mechanism  for  this  concept  is  similar  to  the  Task  I 
preliminary  design  except  for  the  following  changes: 

o  The  actuating  cylinders  for  the  boom  and  tongue  are 

located  between,  rather  than  in  line  with,  the 

longitudinal  members  of  the  boom  and  tongue.  This 
alinement  permits  the  launch  mechanism  members  to  nest 
more  compactly  in  stowed  position  on  the  trailer,  reducing 
the  height  of  the  rear  end  of  the  bridge. 

o  A  hydraulic  cylinder  was  mounted  longitudinally  in  the 

center  of  the  tongue  to  actuate  the  modified  folding 
system  of  the  bridge. 

3. A  Launch  Sequence  (Appendix  A,  Drawing  E-A 193-007,  Sheet  2) 

1.  Position  trailer.  This  step  is  accomplished  while 
communicating  with  observing  personnel  in  an  accompanying 
vehicle. 

2.  Start  power  supply  engine.  This  step  is  done  from  inside 
the  tow  vehicle  by  using  the  glow  plug  switch  and  starter 
push  button  on  the  remote  control  panel.  It  can  be  done 
while  the  trailer  is  being  moved  into  position. 

3.  Deploy  outriggers.  Hydraulic  cylinders  rotate  the 

outriggers  to  a  vertical  position.  The  cylinders  are 
controlled  by  a  solenoid  valve  actuated  from  inside  the 
tow  vehicle  by  3-position  (extend-off-retract)  push 
buttons  on  the  remote  control  panel.  (All  of  the  following 
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launch  functions  are  controlled  in  the  same  way.) 
Estimated  time  is  15  seconds. 

Lower  outriggers  to  level  the  trailer  laterally.  The 
outriggers  are  controlled  separately.  Estimated  time  is  30 
seconds . 

5.  Raise  bridge.  The  launch  boom  is  rotated  approximately  90 
degrees  by  extending  its  actuating  cylinders,  raising  the 
bridge  to  an  approximately  vertica..  position.  Estimated 
time  is  30  seconds. 

6.  Unfold  and  lower  bridge  onto  far  bank.  These  operations 
are  performed  simultaneously  by  extending  the  launch 
tongue  cylinders  to  lower  the  bridge  and  retracting  the 
folding  cylinder  to  unfold  the  bridge.  The  operator  must 
coordinate  the  two  operations  so  that  the  bridge  is  fully 
unfolded  before  it  lands  on  the  far  bank.  Estimated  time 
is  90  seconds. 

7.  Retract  lock  pins.  Hydraulic  cylinders  retract  the  lock 
pins,  disengaging  them  from  the  pick-up  sockets  in  the 
toes  of  the  bridge  ramps.  Estimated  time  is  5  seconds. 

8.  Lower  bridge  onto  near  bank.  The  tongue  cylinders  are 

extended  as  required  to  set  the  bridge  down  on  the  near 
bank.  The  folding  cylinder  is  pivotally  mounted  on  the 
tongue,  so  that  the  cylinder  remains  in  alinement  with  the 
bridge  as  the  tongue  rotates  with  respect  to  the  bridge 
during  the  lowering  motion.  On  a  bank  with  lateral  slope, 
adjusting  the  outriggers  may  be  necessary  to  lower  the 
bridge  to  an  equilibrium  position.  Estimated  time  is  10 
seconds. 

9.  Raise  and  stow  outriggers.  Estimated  time  is  15  seconds. 
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10.  Disengage  tongue  cross-pin  from  bridge.  The  trailer  is 
towed  forward  approximately  8  in.  to  withdraw  the  tongue 
cross-pin  from  the  pick-up  slots  in  the  bridge.  This  can 
be  done  before  the  outriggers  are  completely  stowed. 
During  this  operaton,  the  piston  rod  of  the  folding 
cylinder  is  allowed  to  extend  8  in.,  since  the  piston  rod 
end  is  still  connected  to  the  bridge  folding  mechanism. 
Estimated  time  is  15  seconds. 

11.  Disengage  folding  cylinder  piston  rod  from  bridge  and  stow 
launch  mechanism.  The  tongue  actuating  cylinder  is 
retracted  to  lift  the  folding  cylinder  piston  rod  end  out 
of  engagement  with  the  bridge  folding  mechanism.  The  boom 
and  tongue  actuating  cylinders  are  then  retracted 
simultaneously  to  stow  the  launch  mechanism.  Estimated 
time  is  80  seconds. 

12.  Shut  off  power  unit  engine  and  drive  away.  Estimated  total 
launch  time  is  3.5  minutes. 


1.5  Retrieval  Sequence 


1.  Position  trailer.  This  step  requires  communicating  with 
personnel  on  the  ground  or  in  an  accompanying  vehicle. 

2.  Start  power  unit  engine. 


3.  Extend  boom  and  tongue  actuating  cylinders.  Estimated  time 
is  80  seconds. 


4.  Extend  folding  cylinder.  This  step  is  done  only  if  the 
bridge  is  being  picked  up  at  the  opposite  end  from  which 
it  was  launched.  Estimated  time  is  30  seconds. 


5.  Engage  launch  mechanism  with  bridge.  The  tongue  is  lowered 
until  the  piston  rod  end  of  the  folding  cylinder  is  seated 
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in  the  slot  of  the  sliding  frame  of  the  bridge  folding 
mechanism.  The  tongue  is  then  lowered  farther  until  the 
cross-pin  rests  on  the  pick-up  slots,  and  the  trailer  is 
backed  until  the  cross-pin  is  seated  in  the  pick-up  slots. 
This  will  require  supervision  by  an  operator  on  the 
ground.  Estimated  time  is  60  seconds. 

6.  Deploy  and  lower  outriggers.  Estimated  time  is  30  seconds. 

7.  Raise  bridge  off  near  bank.  The  tongue  actuating  cylinders 
are  partially  retracted,  lifting  the  bridge  until  the  lock 
pins  are  alined  with  the  pick-up  sockets  in  the  toes  of 
the  bridge  ramps.  Estimated  time  is  20  seconds. 

8.  Engage  lock  pins.  Estimated  time  is  5  seconds. 

9.  Retract  folding  cylinder.  This  step  is  done  only  if  the 
bridge  is  being  picked  up  at  the  opposite  end  from  which 
it  was  launched.  Estimated  time  is  20  seconds. 

10.  Raise  and  fold  bridge.  The  tongue  actuating  cylinders  are 
retracted  to  lift  the  bridge  off  the  far  bank.  The  folding 
cylinder  is  then  allowed  to  extend  against  pressure  to 
control  the  folding  mechanism  as  the  weight  of  the  ramp 
folds  the  bridge.  Simultaneously,  the  tongue  cylinders  are 
retracted,  lifting  the  bridge  to  a  vertical  position. 
Estimated  time  is  90  seconds. 

11.  Lower  bridge  onto  trailer.  The  boom  actuating  cylinders 
are  retracted  to  rotate  the  boom  and  lower  the  bridge. 
Estimated  time  is  30  seconds. 

12.  Raise  and  stow  outriggers.  Estimated  time  is  15  seconds. 
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13.  Shut  off  power  unit  engine  and  drive  away.  Estimated  total 
retrieval  time  is  as  follows: 

o  From  launch  end:  5.5  minutes, 
o  From  opposite  end:  6.4  minutes. 
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0.0  TASK  IIB.  SCISSORS  BilDGE.  MODIFIED 
0.1  System  Characteristics 

This  system  concept  is  illustrated  in  preliminary  design  form  in  Appendix 
A,  Drawing  E-41 93-009.  It  is  similar  to  the  Task  IIA  system.  The  only 
difference  is  that  the  required  narrowing  of  the  bridge  for  loading  in  the 
C-141  aircraft  is  accomplished  by  moving  the  treadways  closer  together  rather 
than  by  removable  deck  extensions.  The  narrowing  and  widening  operations  are 
performed  by  the  launch  mechanism.  The  bridge  is  widened  in  two  ways:  under 
power  after  unloading  from  the  aircraft,  or  if  desired,  the  bridge  can  be 
towed  to  the  launch  site  in  the  narrow  configuration  and  widened  under  power 
by  remote  control  just  before  launch. 

A. 2  Bridie 

The  dimensions  of  this  bridge  are  as  follows: 

Span:  60  ft 

Overall  Length:  62  ft,  6  in. 

Roadway  Width:  126  in. 

Overall  Width  (including  curbs):  130  in. 

Air  Transport  Width:  110  in. 

Ground  Transport  Width:  110  or  130  In. 

The  bridge  is  similar  to  the  Task  IA  preliminary  design  except  for  the 
following  changes: 

o  The  decks  do  not  have  detachable  edge  extensions.  Each 
treadway  has  a  1-piece,  45  in.  wide  deck  like  the  existing 
Army  design.  Upstanding  curbs  Identical  to  those  used  in 
the  Task  I  and  Task  IIA  designs  are  attached  to  the  outer 
edges  of  the  decks  by  means  of  fasteners  designed  to  fail 
under  overload  condition^  without  damaging  the  deck. 
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o  The  vertical  braces  were  modified  by  adding  hinges  to 
permit  the  braces  to  fold  as  the  bridge  is  narrowed  for 
air  transport.  The  vertical  braces  of  each  half  of  the 
bridge  are  connected  by  a  longitudinal  rod.  When  the 
bridge  is  widened  and  unfolded,  the  ends  of  the  rods  in 
the  two  halves  of  the  bridge  butt  each  other,  locking  the 
braces  in  the  straight  position.  The  braces  are  lightly 
spring-loaded,  by  torsion  springs  in  the  pivots,  toward 
the  folded  position  to  break  the  toggle  effect  at  the 
beginning  of  the  bridge-narrowing  operation. 

o  The  mountings  at  one  end  of  the  longitudinal  braces  were 
provided  with  elongated  slots  to  permit  the  braces  to 
collapse  as  the  bridge  is  narrowed.  When  the  bridge  is 
widened,  the  pins  in  the  ends  of  the  braces  seat  against 
the  ends  of  the  slots,  and  the  braces  function  as  tension 
members . 

o  The  folding  mechanism  of  the  Task  IIA  concept  was  modified 
to  permit  the  bridge  to  be  narrowed.  Two  folding  linkages 
are  mounted  on  the  sides  of  the  girders  between  the 

treadways  and  are  actuated  by  tubular  tension  members  from 
either  side  of  the  bridge.  The  tension  members  are 

connected  to  sliding  frames,  one  frame  in  each  half  of  the 
bridge.  These  frames  slide  in  elongated  slots  in  the 

inside  wall  of  each  girder,  and  telescope  through  the 

girders  when  the  bridge  is  narrowed  for  transport.  The 
area  around  the  slots  in  the  girders  must  be  reinforced  to 
provide  a  section  modulus  equivalent  to  that  of  the 
present  design.  Sockets  in  the  sliding  frames  are  engaged 
by  a  cross-pin  on  the  piston  rod  of  the  actuating  cylinder 
mounted  on  the  launch  mechanism  tongue. 
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The  launch  mechanism  is  the  same  as  the  Task  IIA  preliminary  design 

except  that  a  bridge-narrowing  and  -widening  mechanism  was  added.  Two 
tubular  cross-members  were  added  to  the  tongue,  each  containing  two 
cylindrical  slides  on  which  are  mounted  the  pick-up  pins  that  engage  the  four 
pick-up  sockets  in  the  bridge.  These  slides  can  be  driven  inward  or  outward 
by  two  lead  screws  driven  through  a  connecting  shaft  and  gear-boxes  by  a 
hydraulic  motor.  This  narrows  the  bridge  for  air  transport  or  widens  it  for 
deployment  while  the  pick-up  pins  remain  engaged  in  the  pick-up  sockets.  The 
lead  screws  are  protected  from  dust  and  dirt  by  flexible  accordian-type 
boots. 

Launch  Sequence  (Appendix  A,  Drawing  £-4193-007,  Sheet  2) 

1.  Position  trailer.  This  step  is  accomplished  while 
communicating  with  observing  personnel  in  an  accompanying 
vehicle. 

2.  Start  power  supply  engine.  This  step  is  done  from  inside 

the  tow  vehicle  by  using  the  glow  plug  switch  and  starter 

push  button  on  the  remote  control  panel.  It  can  be  done 

while  the  trailer  is  being  moved  into  position. 

3.  Deploy  outriggers.  Hydraulic  cylinders  rotate  the 

outriggers  to  a  vertical  position.  The  cylinders  are 
controlled  by  a  solenoid  valve  actuated  from  inside  the 
tow  vehicle  by  3-posltion  (extend-off-retract)  push 
buttons  on  the  remote  control  panel.  (All  of  the 

following  launch  functions  are  controlled  in  the  same 
way.)  Estimated  time  is  15  seconds. 

4.  Lower  outriggers  to  level  the  trailer  laterally.  The 
outriggers  are  controlled  separately.  Estimated  time  is 
30  seconds. 

5.  Widen  bridge  to  130  in.  If  desired,  this  step  can  be  done 
before  reaching  the  launch  site.  The  boom  cylinders  are 
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actuated  to  lift  the  bridge  slightly  off  the  supports. 
The  hydraulic  motor  Is  then  operated  to  rotate  the  lead 
screws  and  drive  the  bridge  to  Its  full  width.  During  the 
widening  operation,  parallelism  of  the  two  sides  of  the 
bridge  is  maintained  by  the  vertical  braces,  which  are 
interconnected  by  rods  as  previously  described.  Estimated 
time  is  30  seconds. 

6.  Raise  bridge.  The  launch  boom  is  rotated  approximately  90 
degrees  by  extending  its  actuating  cylinders,  raising  the 
bridge  to  an  approximately  vertical  position.  Estimated 
time  is  30  seconds. 

7.  Unfold  and  lower  bridge  on  far  bank.  These  operations  are 
performed  simultaneously  by  extending  the  launch  tongue 
cylinders  to  lower  the  bridge  and  retracting  the  folding 
cylinder  to  unfold  the  bridge.  The  operator  must 
coordinate  the  two  operations  so  that  the  bridge  is  fully 
unfolded  before  it  lands  on  the  far  bank.  Estimated  time 
is  90  seconds. 

8.  Withdraw  pick-up  pins  from  sockets  in  toes  of  bridge  ramp. 
The  hydraulic  motor  is  actuated,  causing  the  lead  screws 
to  move  the  pick-up  slides  inward.  In  this  position,  the 
inboard  pick-up  pins  have  been  withdrawn  from  the  sockets 
in  the  ramp  toes,  but  the  outboard  pick-up  pins  remain 
engaged  with  the  pick-up  slots  on  the  sides  of  the  bridge 
girders.  The  near  end  of  the  bridge  is  thus  still 
supported  by  the  outboard  pick-up  pins.  Estimated  time  is 
15  seconds. 

9.  Lower  bridge  on  near  bank.  The  tongue  cylinders  are 
extended  as  required  to  set  the  bridge  down  on  the  near 
bank.  The  folding  cylinder  is  pivotally  mounted  on  the 
tongue,  so  that  the  cylinder  remains  in  alinement  with  the 
bridge  as  the  tongue  rotates  with  respect  to  the  bridge 
during  the  lowering  motion.  On  a  bank  with  lateral  slope, 
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adjusting  the  outriggers  may  be  necessary  to  lower  the 
bridge  to  an  equilibrium  position.  Estimated  time  is  10 
seconds. 

10.  Raise  and  stow  outriggers.  Estimated  time  is  15  seconds. 

11.  Disengage  outboard  pick-up  pins  from  bridge.  The  trailer 
is  towed  forward  to  withdraw  the  outboard  pick-up  pins 
from  pick-up  slots  in  the  bridge.  This  step  can  be  done 
before  the  outriggers  are  completely  stowed.  Estimated 
time  is  15  seconds. 

12.  Disengage  folding  cylinder  piston  rod  from  bridge  and  stow 
launch  mechanism.  The  tongue  actuating  cylinder  is 
retracted  to  lift  the  folding  cylinder  piston  rod  end  out 
of  engagement  with  the  bridge  folding  mechanism.  The  boom 
and  tongue  actuating  cylinders  are  then  retracted 
simultaneously  to  stow  the  launch  mechanism.  Estimated 
time  is  80  seconds. 

13.  Shut  off  power  unit  engine  and  drive  away.  Estimated 

total  launch  time  is  as  follows: 

o  3.7  minutes  if  bridge  is  widened  before  reaching 

launch  site. 

o  4.2  minutes  if  bridge  is  widened  at  launch  site. 

4.5  Ratrieval  Sequence 

1.  Position  trailer.  This  step  requires  communicating  with 
personnel  on  the  ground  or  in  an  accompanying  vehicle. 

2.  Start  power  unit  engine. 

3.  Extend  boom  and  tongue  actuating  cylinders.  Estimated 
time  is  80  seconds. 
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H.  Extend  folding  cylinder.  This  step  is  done  only  if  the 
bridge  is  being  picked  up  at  the  opposite  end  from  which 
it  was  launched.  Estimated  time  is  30  seconds. 

5.  Engage  launch  mechanism  with  bridge.  The  tongue  is 
lowered  until  the  piston  rod  end  of  the  folding  cylinder 
is  seated  in  the  slot  of  the  sliding  frame  of  the  folding 
mechanism.  The  tongue  is  then  lowered  farther  until  the 
outboard  pick-up  pins  rest  on  the  pick-up  slots  of  the 
bridge,  and  the  trailer  is  backed  up  until  the  pick-up 
pins  are  seated  in  the  pick-up  slots.  This  will  require 
supervision  by  an  operator  on  the  ground.  Estimated  time 
is  60  seconds. 

6.  Deploy  and  lower  outriggers.  Estimated  time  is  30 
seconds. 

7.  Raise  bridge  off  near  bank.  The  tongue  actuating  cylinders 
are  partially  retracted,  lifting  the  bridge  until  the 
inboard  pick-up  pins  are  alined  with  the  pick-up  sockets 
in  the  toes  of  the  bridge  ramps.  Estimated  time  is  20 
seconds. 

8.  Engage  pick-up  pins.  The  hydraulic  motor  is  actuated, 
causing  the  lead  screws  to  move  the  pick-up  slides 
outward.  This  drives  the  inboard  pick-up  pins  into  the 
sockets  in  the  toes  of  the  bridge  ramps,  and  the  outboard 
pick-up  pins  through  the  pick-up  slots  into  sockets  in  the 
girder  sides.  Estimated  time  is  15  seconds. 

9.  Retract  folding  cylinder.  This  step  is  done  only  if  the 
bridge  is  being  picked  up  at  the  opposite  end  from  which 
it  was  launched.  Estimated  time  is  20  seconds. 
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10.  Raise  and  fold  bridge.  The  tongue  actuating  cylinders  are 
retracted  to  lift  the  bridge  off  the  far  bank.  The 
folding  cylinder  is  then  allowed  to  extend  against 
pressure  to  control  the  folding  mechanism  as  the  weight  of 
the  ramp  folds  the  bridge.  Simultaneously,  the  tongue 
cylinders  are  retracted,  lifting  the  bridge  to  a  vertical 
position.  Estimated  time  is  90  seconds. 

11.  Lower  bridge  onto  trailer.  The  boom  actuating  cylinders 
are  retracted  to  rotate  the  boom  and  lower  the  bridge. 
Estimated  time  is  30  seconds. 

12.  Raise  and  stow  outriggers.  Estimated  time  is  15  seconds. 

13.  Shut  off  power  unit  engine  and  drive  away.  Estimated 
total  retrieval  time  is: 

o  From  launch  end:  5.7  minutes, 
o  From  opposite  end:  6.5  minutes. 
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5.0  TASK  IIIA.  FLIP-LAUNCH  BRIDGE 


5.1  System  Characteristics 

This  system  concept  is  illustrated  in  preliminary  design  form  in  Appendix 
A,  Drawing  E-4193-010,  Sheet  1.  It  utilizes  a  bridge  with  two  upwardly 
folding  ramps  that  are  folded  and  unfolded  by  mechanisms  actuated  by 
hydraulic  cylinders  mounted  on  the  trailer.  The  bridge  is  launched  by  the 
cantilever  method,  using  a  fully  automatic  remotely  controlled  mechanism 
actuated  by  hydraulic  cylinders  and  motors  powered  by  a  diesel-engine-driven 
supply  unit  mounted  on  the  trailer.  The  trailer  is  required  to  have 
telescoping  rails  so  that  the  tow  vehicle  can  be  moved  forward  to  provide 
clearance  to  unfold  the  forward  ramp  of  the  bridge. 

5.2  Bridge 

The  dimensions  of  the  bridge  are  as  follows: 

Span:  24  meters  78  ft,  9  in. 

Overall  Length:  81  ft,  3  in. 

Roadway  Width:  126  in. 

Overall  Width  (including  curbs):  130  in. 

Air  Transport  Width:  110  in. 

Ground  Transport  Width:  138  in. 


The  bridge  comprises  a  center  section  and  two  upwardly  folding  ramps  with 
geared  pivots  in  the  deck.  The  basic  construction  of  the  center  section  and 
ramps  is  the  same  as  the  Task  I  bridge,  each  section  having  two  treadways 
connected  by  cross-bracing.  Each  treadway  is  made  up  of  an  extruded  7005-T53 
aluminum  deck  of  the  same  design  as  in  Task  I  and  two  bottom  chords  of 
extruded  7005-T53  aluminum,  connected  by  reinforced  webs  fabricated  frim 
6061 -T6  aluminum  sheet.  The  ramps  are  locked  in  the  unfolded  position  by 
shot  pins  which  connect  the  lower  chords.  The  shot  pins  are  operated  by 
pinning  mechanisms  actuated  by  the  folding  mechanisms.  The  bridge  is 
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narrowed  for  air  transport  by  means  of  detachable  deck  edge  extensions,  as  in 
the  Task  I  concept.  However,  in  this  case,  because  the  deck  surfaces  fold 
against  each  other,  the  curbs  must  be  capable  of  folding  flat  when  the  bridge 
ramps  are  folded.  In  the  folded  position,  the  curbs  extend  4  in.  beyond  the 
edge  of  the  deck  extensions  on  both  sides,  adding  a  total  of  8  in.  to  the 
overall  width  for  ground  transport. 


Launch  Mechanism 


Several  mechanisms,  mounted  on  the  trailer  and  remotely  controlled  from 
the  tow  vehicle,  are  needed  to  launch  and  retrieve  the  flip-launch  bridge: 


o  Ramp  folding  mechanism.  This  mechanism  consists  of  two 
hydraulic  cylinders,  each  raised  to  engage  with  the  bridge 
folding  mechanism  by  a  small  hydraulic  cylinder. 

o  Bridge  launching  drive.  This  piir  of  pinions  is  driven  by 
a  hydraulic  motor  through  a  gearbox.  The  pinions  engage 
with  racks  on  the  bridge  to  launch  or  retrieve  the  bridge. 

o  Bridge  lowering  arm.  This  arm  is  pivoted  at  the  rear  of 
the  trailer  and  is  supported  by  two  chains  actuated  by 
hydraulic  cylinders. 

o  Outriggers.  Two  separately  controlled  telescoping 

hydraulic  outriggers  are  pivoted  at  the  rear  of  the 
trailer.  Each  is  deployed  by  a  small  hydraulic  cylinder. 

o  Telescoping  rail  locks.  The  telescoping  rails  of  the 

trailer  are  locked  in  travel  or  launch  position  by  two 

shot  pins  actuated  by  small  hydraulic  cylinders. 

o  Lunette  height  adjustment.  A  lead  screw  driven  by  a 

hydraulic  motor  is  provided  to  lower  the  front  end  of  the 
trailer  to  the  ground  as  required  during  launch  under  some 
bank  conditions. 
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5.*  Launch  Sequence  (Appendix  A,  Drawing  e-4193-010,  Sheet  2) 

1.  Position  trailer.  This  step  is  accomplished  while 
communicating  with  observing  personnel  in  an  accompanying 
vehicle. 

2.  Start  power  supply  engine.  This  step  is  done  from  inside 
the  tow  vehicle  by  using  the  glow  plug  switch  and  starter 
push  button  on  the  remote  control  panel.  It  can  be  done 
while  the  trailer  is  being  moved  into  position. 

3.  Lower  front  of  trailer.  The  front  end  of  the  trailer  is 

lowered  to  ground  level,  using  the  lunette  height 

adjusting  lead  screw.  Estimated  time  is  15  seconds. 

4.  Deploy  outriggers.  The  outriggers  are  deployed  and 
lowered  far  enough  to  fix  the  trailer  in  position. 
Estimated  time  is  15  seconds. 

5.  Extend  trailer  rails.  The  lock  pins  are  removed  from  the 
trailer  rails,  and  the  tow  vehicle  is  driven  forward  to 
pull  the  rails  out  to  their  extended  position.  Estimated 
time  is  30  seconds. 

6.  Position  outriggers.  The  outriggers  are  lowered  as 

required  to  level  the  trailer  laterally  and  to  raise  the 
rear  end  of  the  trailer  high  enough  so  that  the  far  end  of 
the  bridge  will  be  above  the  far  bank  when  the  bridge  is 
extended  across  the  gap.  Estimated  time  is  30  seconds. 

7.  Unfold  bridge  ramps.  The  piston  rods  of  the  ramp  folding 

cylinders  are  extended,  and  the  slotted  piston  rod  ends 

are  raised  to  engage  with  the  cross-pins  in  the  sliding 
links  of  the  ramp  folding  mechanism.  The  pistons  are  then 
retracted,  and  the  sliding  links  actuate  the  ramp  folding 
arms.  These  arms  act  as  levers  to  raise  the  ramps  to  the 
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vertical  position.  As  the  ramps  become  vertical,  the 
rollers  at  the  lower  end  of  the  arms  enter  guide  tracks  on 
the  side  of  the  bridge  girders.  As  the  ramps  are  lowered 
to  the  extended  position,  the  arms  act  as  compression 
members,  with  their  lower  ends  guided  by  the  tracks. 

Estimated  time  is  90  seconds. 

8.  Lock  ramps.  The  ramps  are  locked  in  the  extended  position 
by  pinning  mechanisms  similar  to  those  used  in  the 
reinforced  dry  support  bridge  described  in  U.S.  Army 
MERADCOM  Report  2301,  June  1980. 1  These  mechanisms  are 
actuated  by  pintles  mounted  on  the  ramp  folding  arms, 
which  are  telescoping  members  containing  heavy  compression 
springs  which  urge  the  arms  toward  their  extended 
position.  As  the  ramps  descend  with  the  hydraulic  pistons 
resisting,  the  springs  are  compressed.  When  the  ramps  are 
fully  down,  the  pistons  are  then  fully  retracted,  and  the 
resulting  final  motion  of  the  outer  sections  of  the  arms 
actuates  the  pinning  mechanisms.  The  ramp  folding 
cylinders  are  lowered.  Estimated  time  is  10  seconds. 

9.  Launch  bridge.  The  bridge  is  launched  across  the  gap  by 
the  launching  drive.  This  pair  of  pinions  are  driven  by  a 
hydraulic  motor  through  a  gear  reducer  that  is  mounted 
between  the  trailer  rails  at  the  rear.  The  chains  have 
projected  lugs  which  engage  drive  racks  attached  to  the 
edge  of  each  inner  girder  of  the  bridge.  The  bridge  is 
supported  by  rollers  on  the  frame  of  the  trailer.  As  the 
bridge  approaches  the  fully  extended  position,  it  is 
supported  only  by  the  rollers  mounted  on  the  sides  of  the 
launch  arm,  which  engage  continuous  tracks  attached  to  the 
lower  inside  edges  of  the  bridge  girders.  Estimated  time 
is  60  seconds. 

1. 

"System  of  Bridges  for  1985  and  Beyond  -  U.S.  Technical  Feasibility  Tests; 

Part  MA:  Reinforced  Dry-Support  Bridge  —  Structural,"  U.S.  Army  NERADCOM, 

Report  No.  2301,  June  1980. 
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10.  Back  up  tow  vehicle.  In  cases  of  extreme  bank  conditions 
(i.e.,  far  bank  is  higher  than  the  near  bank,  and  the  near 
bank  sloping  is  toward  the  gap),  it  will  be  necessary  to 
back  up  the  tow  vehicle  during  the  launching  operation  to 
telescope  the  trailer  rails  so  that  by  the  time  the  toe  of 
the  bridge  ramp  clears  the  front  end  of  the  fixed  portion 
of  the  trailer  frame,  the  rails  will  be  fully  telescoped 
to  their  travel  position.  This,  in  combination  with  the 
compound  outriggers  being  fully  extended,  causes  the 
trailer  frame  to  assume  an  angle  of  approximately  10 
degrees.  This  angle  is  required  to  launch  the  bridge 
sufficiently  upward  to  compensate  for  the  combination  of 
maximum  bank  differential  height  (approximately  8  ft), 
maximum  slope  toward  the  gap  (equivalent  to  approximately 
8  ft  at  the  far  end),  bridge  droop  at  maximum  extension 
(approximately  2  ft  at  the  far  end),  and  trailer  frame 
deflection  (equivalent  to  approximately  2.5  ft  at  the  far 
end). 

11.  Lower  far  end  of  bridge.  When  the  bridge  is  fully 
extended  across  the  gap,  the  launching  drive  is  stopped. 

The  far  end  of  the  bridge  is  lowered  to  the  ground  by 
raising  the  outriggers,  which  lowers  the  trailer  tires  to 
the  ground.  Estimated  time  is  30  seconds. 

12.  Move  trailer  forward.  The  tow  vehicle  is  driven  forward  a 
short  distance  until  the  bridge  ramp  is  clear  of  the 
trailer  and  outriggers,  with  the  near  end  of  the  bridge 
supported  only  by  the  rollers  of  the  launch  arm. 

Estimated  time  is  15  seconds. 

13.  Lower  near  end  of  bridge.  The  launch  arm  is  lowered, 
lowering  the  near  end  of  the  bridge  to  the  ground. 

Estimated  time  is  15  seconds. 
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I1*.  Disengage  launch  arm  from  bridge.  The  tow  vehicle  is 

driven  forward  to  disengage  the  launch  arm  rollers  from 
the  bridge  tracks.  The  launch  arm  is  raised.  Estimated 
time  is  15  seconds. 

15.  Stow  telescoping  rails.  The  outriggers  are  lowered  to  fix 
the  trailer  in  position,  and  the  tow  vehicle  is  backed  up 
to  push  the  telescoping  rails  into  the  trailer  frame.  The 
lock  pins  are  inserted.  This  step  will  not  have  to  be 
done  at  this  point  if  bank  conditions  made  it  necessary 
during  the  launch.  Estimated  time  is  30  seconds. 

16.  Shut  off  power  unit  and  drive  away.  Estimated  total 

launch  time  is  6  minutes. 

5.5  Retrieval  Sequence 

1.  Position  trailer.  This  step  requires  communicating  with 
personnel  on  the  ground  or  in  an  accompanying  vehicle. 

2.  Start  power  unit  engine. 

3.  Lower  launch  arm.  Estimated  time  is  15  seconds. 

4.  Engage  launch  arm  with  bridge.  The  tow  vehicle  is  backed 

up  to  engage  the  rollers  of  the  launch  arm  in  the  tracks 
of  the  bridge.  Estimated  time  is  15  seconds. 

5.  Deploy  outriggers.  The  outriggers  are  deployed  and  lowered 
as  required  to  level  the  trailer.  Estimated  time  is  15 
seconds . 

6.  Extend  trailer  rails.  The  lock  pins  are  removed  from  the 
trailer  rails,  and  the  tow  vehicle  is  driven  forward  to 
extend  the  rails.  If  required  by  extreme  bank  conditions 
as  described  in  Step  10  of  the  launch  sequence,  the  front 
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end  of  the  trailer  is  lowered  to  the  low  hitch  position, 
and  the  trailer  rails  are  not  extended  until  the  bridge 
has  been  partially  withdrawn. 

7.  Lift  near  end  of  bridge.  The  launch  arm  is  raised, 

lifting  the  near  end  of  the  bridge.  Estimated  time  is  30 
seconds. 

8.  Lift  far  end  of  bridge.  The  outriggers  are  extended, 

lifting  the  far  end  of  the  bridge  off  the  ground. 

Estimated  time  is  30  seconds. 

9.  Retrieve  bridge.  The  launching  drive  pulls  the  bridge 

onto  the  trailer.  Estimated  time  is  60  seconds. 

10.  Lower  rear  end  of  trailer.  The  outriggers  are  actuated  to 
lower  the  rear  end  of  the  trailer,  but  with  the  outriggers 
still  fixing  the  trailer  in  position.  Estimated  time  is 
15  seconds. 

11.  Fold  ramps.  The  ramp  folding  cylinders  are  raised  until 
the  piston  rod  ends  are  engaged  with  the  sliding  links. 
The  piston  rods  are  extended,  first  causing  the  folding 
arms  to  actuate  the  pinning  mechanism  to  unlock  the  ramps 
and  then  folding  the  ramps  into  the  stowed  position. 
Estimated  time  is  90  seconds. 

12.  Stow  trailer  rails.  The  tow  vehicle  is  backed  up,  pushing 
the  trailer  rails  into  the  stowed  position,  and  the  lock 
pins  are  re-inserted.  Estimated  time  is  15  seconds. 

13.  Raise  and  stow  outriggers,  and  return  lunette  to  towing 
height.  Estimated  time  is  15  seconds. 

14.  Shut  off  power  unit  and  drive  away.  Total  estimated 
retrieval  time  is  5.3  minutes. 
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TASK  IIIB.  BEAM-LAUNCH  BRIDGE 


6.1  System  Characteristics 

This  system  concept  is  illustrated  in  preliminary  design  form  in  Appendix 
A,  Drawing  E— 41 93—0 11.  Sheet  1.  It  utilizes  a  bridge  similar  basically  to 
the  Task  IIIA  flip-launch  bridge,  with  two  hinged  ramps  which  are  folded  and 
unfolded  by  hydraulic  cylinders  mounted  on  the  trailer.  The  launching  method 
is,  however,  different  from  the  cantilever  launch  used  in  the  flip-launch 
concept.  A  light  telescoping  beam,  which  is  part  of  the  trailer  frame,  is 
extended  across  the  gap  and  set  down  on  the  far  bank.  The  bridge  is  then 
unfolded  and  rolled  across  the  launch  beam,  the  telescoping  beam  is 
retracted,  and  the  near  end  of  the  bridge  is  set  down.  The  principal 
advantage  of  this  concept  is  that  is  avoids  the  heavy  bending  moments  and 
loads  at  the  fulcrum  that  are  present  in  all  the  other  concepts  because  of 
their  cantilever  launching  method. 

6.2  Bridge 

The  dimensions  of  this  bridge  are  as  follows: 

Span:  21*  meters  (78  ft,  9  in.) 

Overall  Length:  81  ft,  1  in. 

Roadway  Width:  126  in. 

Overall  Width  (including  curbs):  130  in. 

Air  Transport  Width:  110  in. 

Ground  Transport  Width:  138  in. 

The  bridge  comprises  a  center  section  and  two  upwardly  folding  ramps  with 
geared  pivots  in  the  deck.  The  basic  construction  of  the  center  section  and 
ramps  is  the  same  as  the  Task  I  bridge,  each  section  having  two  treadways 
connected  by  cross-bracing.  Each  treadway  is  made  up  of  an  extruded  7005-T53 
aluminum  deck  of  the  sam*  design  as  in  Task  I,  and  two  bottom  chords  of 
extruded  7005-T53  aluminum,  connected  by  reinforced  webs  fabricated  from 
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6061-T6  aluminum  sheet.  The  ramps  are  locked  in  the  unfolded  position  by 
shot  pins  which  connect  the  lower  chords,  operated  by  pinning  mechanisms 
actuated  by  the  folding  mechanisms.  The  bridge  is  narrowed  for  air  transport 
by  means  of  detachable  edge  extensions,  as  in  the  Task  I  concept.  However, 
in  this  case,  because  the  deck  surfaces  fold  against  each  other,  the  curbs 
must  be  capable  of  folding  flat  when  the  bridge  ramps  are  folded.  In  the 
folded  position,  the  curbs  extend  4  in.  beyond  the  edges  of  the  deck 
extensions  on  both  sides,  adding  a  total  of  8  in.  to  the  overall  width  for 
ground  transport. 

6.3  Launch  Mechanism 


Several  mechanisms,  mounted  on  the  trailer  and  remotely  controlled  from 
the  tow  vehicle,  are  needed  to  launch  the  retrieve  the  beam-launch  bridge: 

o  Ramp  folding  mechanism.  This  mechanism  consists  of  two 
hydraulic  cylinders,  each  raised  to  engage  with  the  bridge 
folding  mechanism  by  a  small  hydraulic  cylinder. 

o  Launch  beam  and  drives.  This  beam  consists  of  three 
movable  rectangular  sections  telescoped  within  a 
stationary  fourth  section  which  is  part  of  the  trailer 
frame.  A  chain  drive  actuated  through  a  gearbox  by  a 
hydraulic  motor  extends  the  first  movable  section.  The 
sprockets  of  the  chain  drive  are  mounted  on  the  stationary 
beam  section,  and  the  lower  strands  of  chain  are  attached 
to  the  first  movable  beam  section.  A  wire  rope  drive  with 
sheaves  mounted  on  the  first  section  extends  the  second 
section.  The  lower  strands  of  the  rope  are  attached  to 
the  stationary  section  and  the  upper  strands  to  the  second 
section.  Similarly,  the  third  section  is  extended  by  a 
wire  rope  drive  with  sheaves  mounted  on  the  second  section 
and  the  upper  strands  attached  to  the  third  section.  All 
sections  move  simultaneously  until  the  beam  is  fully 
extended. 
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o  Bridge  launching  drive.  This  pair  of  chains  is  driven  by 
a  hydraulic  motor  by  means  of  a  gearbox  mounted  under  the 
main  beam  of  the  trailer.  Projecting  pins  on  the  chains 
engage  drive  slots  attached  to  the  lower  Inside  edge  of 
each  inner  girder  of  the  bridge.  Rollers  mounted  on  the 
cross-braces  which  rest  on  the  top  of  the  launch  beam 
support  the  bridge. 

o  Bridge  lowering  arms.  These  arms  are  pivoted  in  the  rear 
of  the  trailer  and  are  actuated  by  hydraulic  cylinders 
trunnion-mounted  on  the  trailer  frame. 

o  Outriggers.  Two  separately  controlled  telescoping 
hydraulic  outriggers  are  pivoted  at  the  rear  of  the 
trailer,  each  deployed  by  a  small  hydraulic  cylinder. 

6.M  Launch  Sequence  (Appendix  A,  Drawing  E-4193-01 1 ,  Sheet  2) 

1.  Position  trailer.  This  step  is  accomplished  while 
communicating  with  observing  personnel  in  an  accompanying 
vehicle. 

2.  Start  power  supply  engine.  This  step  is  done  from  inside 
the  tow  vehicle  using  the  glow  plug  switch  and  starter 
push  button  on  the  remote  control  panel.  It  can  be  done 
while  the  trailer  is  being  moved  into  position. 

3.  Unhitch  trailer  and  lower  front  end.  The  tow  vehicle  is 
detached  from  the  trailer  and  moved  forward  to  provide 
clearance  to  unfold  the  front  bridge  ramp.  The  front  end 
of  the  trailer  is  lowered  to  the  ground.  Estimated  time 
is  60  seconds. 

M.  Deploy  and  position  outriggers.  The  outriggers  are 
deployed  and  lowered  as  required  to  level  the  trailer 
laterally  and  to  raise  the  rear  end  of  the  trailer  high 
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enough  so  that  the  launch  beam  will  be  above  the  far  bank 
when  extended  across  the  gap.  Estimated  time  is  45 
seconds . 

5.  Extend  launch  beam.  The  telescoping  launch  beam  is 

extended  across  the  gap  by  its  drive.  Estimated  time  is 

60  seconds. 

6.  Lower  launch  beam.  The  outriggers  are  retracted,  setting 

the  end  of  the  launch  beam  down  on  the  far  bank. 
Estimated  time  is  15  seconds. 

7.  Unfold  bridge  ramps.  The  piston  rods  of  the  ramp  folding 

cylinders  are  extended,  and  the  slotted  piston  rod  ends 

are  raised  to  engage  with  the  cross-pins  in  the  sliding 
links  of  the  ramp  folding  mechanism.  The  pistons  are  then 
retracted,  and  the  sliding  links  actuate  the  ramp  folding 
arms.  These  arms  act  as  levers  to  rais'  the  ramps  to  the 
vertical  position.  As  the  ramps  approach  vertical,  the 
rollers  at  the  lower  end  of  the  arms  enter  guide  tracks  on 
the  side  of  the  bridge  girders.  As  the  ramps  are  lowered 
to  the  extended  position,  the  arms  act  as  compression 
members,  with  their  lower  ends  guided  by  the  tracks. 
Estimated  time  is  90  seconds. 

8.  Lock  ramps.  The  ramps  are  locked  in  the  extended  position 
by  pinning  mechanisms  similar  to  those  used  in  the 
reinforced  dry  support  bridge  described  in  the  U.S.  Army 
MERADCOM  Report  2301,  June  1980. 1  These  mechanisms  are 
actuated  by  pintles  mounted  on  the  ramp  folding  arms, 
which  are  telescoping  members  containing  heavy  compression 
springs  which  urge  the  arms  toward  their  extended 
position.  As  the  ramps  descend  with  the  hydraulic  pistons 
resisting,  the  springs  are  compressed.  When  the  ramps  are 
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fully  down,  the  pistons  are  then  fully  retracted,  and  the 
resulting  final  motion  of  the  outer  sections  of  the  arms 
actuates  the  pinning  mechanisms.  The  ramp  folding 
cylinders  are  lowered.  Estimated  time  is  10  seconds. 

9.  Launch  bridge.  The  bridge  is  driven  across  the  beam  by 
the  launching  drive.  Estimated  time  is  60  seconds. 

10.  Retract  launch  beam.  When  the  bridge  reaches  the  far  side 
of  the  gap,  the  launching  drive  is  stopped,  and  the  launch 
beam  is  fully  retracted  into  the  trailer  frame,  leaving 
the  far  end  of  the  bridge  resting  on  the  bank.  Estimated 
time  is  60  seconds. 

11.  Lower  bridge.  The  launch  arms  actuated  by  two  hydraulic 
cylinders  lower  the  near  end  of  the  bridge  to  the  ground. 
Estimated  time  is  15  seconds. 

12.  Stow  outriggers.  Estimated  time  is  15  seconds. 

13.  Hitch  trailer.  The  tow  vehicle  is  backed  up,  and  the  tow 
hitch  is  re-engaged.  Estimated  time  is  60  seconds. 

14.  Disengage  launch  arms  from  bridge.  The  trailer  is  moved 
forward  to  disengage  the  launch  arms  from  the  lift  points 
of  the  bridge.  The  launch  arms  are  raised.  Estimated 
time  is  15  seconds. 

15.  Shut  off  power  unit  engine  and  drive  away.  Total 
estimated  launch  time  is  8.2  minutes. 


6.5  Retrieval  Sequence 

1.  Position  trailer.  This  step  requires  communicating  with 
personnel  on  the  ground  or  in  an  accompanying  vehicle. 
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2.  Start  power  unit  engine. 

3.  Lower  launch  arm.  Estimated  time  is  15  seconds. 

4.  Engage  launch  arm  with  bridge.  The  tow  vehicle  is  backed 

up  to  engage  the  rollers  of  the  launch  arm  in  the  tracks 
of  the  bridge.  Estimated  time  is  15  seconds. 

5.  Deploy  outriggers.  The  outriggers  are  deployed  and 

lowered  as  required  to  level  the  trailer.  Estimated  time 
is  15  seconds. 

6.  Unhitch  trailer.  The  tow  vehicle  is  detached  from  the 

trailer  and  moved  forward  to  provide  clearance  to  retrieve 
the  bridge.  Estimated  time  is  60  seconds. 

7.  Lift  bridge.  The  launch  arms  raise  the  near  end  of  the 
bridge  until  the  upper  surface  of  the  tracks  attached  to 
the  inner  sides  of  the  bridge  girders  contacts  the  rollers 
at  the  outer  end  of  the  launch  beam,  and  the  drive  pins  of 
the  launch  drive  engage  in  the  drive  slots  on  the  bridge 
girders.  Estimated  time  is  30  seconds. 

8.  Extend  launch  beam.  The  launch  beam  is  fully  extended. 
Its  far  end  is  being  supported  by  rollers  at  the  end  of 
the  beam  riding  on  the  tracks  on  the  bridge  girders. 
Estimated  time  is  60  seconds. 

9.  Retrieve  bridge.  The  launch  drive  pulls  the  bridge  back 
across  the  launch  beam.  Estimated  time  is  60  seconds. 

10.  Lift  launch  beam.  The  outriggers  are  lowered  as  required 
to  lift  the  far  end  of  the  launch  beam  off  the  ground. 
Estimated  time  is  30  seconds. 

11.  Retract  launch  beam.  Estimated  time  is  60  seconds. 
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12.  Raise  and  stow  outriggers.  Estimated  time  is  15  seconds. 

13.  Fold  ramps.  The  ramp  actuating  cylinders  are  raised  until 
the  piston  rod  ends  engage  with  the  sliding  links.  The 
piston  rods  are  extended,  first  making  the  actuating  arms 
cause  the  pinning  mechanisms  to  unlock  the  ramps,  and  then 
moving  the  ramps  into  the  stowed  position.  Estimated  time 
is  90  seconds. 

1^.  Hitch  trailer.  The  tow  vehicle  is  backed  up,  and  the  tow 
hitch  is  re-engaged.  Estimated  time  is  60  seconds. 

15.  Shut  off  power  unit  and  drive  away.  Total  estimated 
retrieval  time  is  8.5  minutes. 
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7.0  TASK  IIIC1.  DOUBLE-SCISSORS  BRIDGE 


7.1  System  Characteristics 

This  system  concept  is  illustrated  in  preliminary  design  form  in  Appendix 
A,  Drawing  E— *11 93—0 1 2.  It  incorporates  features  which  provide  the  following 
advantages  over  the  Task  I  and  II  scissors  bridges: 

o  Improved  cross-country  mobility  characteristics  as  a 
result  of  the  reduced  overall  length  of  the  bridge  and 
trailer. 

o  Lower  profile  during  launch  and  retrieval.  This 
double-fold  scissors-type  bridge  has  two  sets  of  geared 
hinges  in  the  bottom  chords,  and  two  folding  linkages, 
each  actuated  by  two  hydraulic  cylinders  mounted  on  the 
bridge.  The  overhead  cantilever  method  launches  the  bridge 
by  a  fully  automatic,  remote-controlled  mechanism  actuated 
by  hydraulic  cylinders.  These  cylinders  are  powered  by  a 
diesel-engine-driven  supply  unit  mounted  on  the  trailer. 

7.2  Bridge 

The  dimensions  of  this  bridge  are  as  follows: 

Span:  60  ft 

Overall  Length:  62  ft,  6  in. 

Roadway  Width:  126  in. 

Overall  Width  (including  curbs):  130  in. 

Air  Transport  Width:  110  in. 

Ground  Transport  Width:  130  in. 

The  basic  design  of  the  bridge  is  similar  to  the  Task  I  scissors  bridge 
except  for  the  following  changes: 
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o  Addition  of  a  second  set  of  folding  hinges  in  the  bottom 
chords. 

o  Addition  of  a  second  folding  mechanism.  The  folding 
mechanism  for  this  bridge  must  be  designed  for  heavier 
loads,  since  the  unfolding  moments  will  be  approximately 
2.1  times  greater  than  those  for  the  Task  I  bridge. 

Because  of  the  heavier  loads,  two  5  in.  cylinders  are 
needed  to  actuate  each  folding  mechanism,  compared  with 
one  5  in.  cylinder  for  the  single  folding  mechanism  in  the 
Task  I  bridge. 

o  Modification  of  the  folding  linkages  to  handle  compression 
loads  in  the  translating  links.  In  this  design,  one  bridge 
ramp  must  be  folded  up  under  the  center  span  during 
retrieval.  The  translating  link  must  carry  a  compression 
load  during  this  part  of  the  retrieval  sequence;  in  the 
Task  I  concept,  the  translating  link  is  required  to  carry 
only  tension.  As  shown  in  the  drawing,  arcuate  tracks  were 
added  around  the  pivot  points  for  the  rotating  links. 

These  tracks  guide  rollers  attached  to  the  expanding 
links,  restraining  them  from  expanding  into  the  range  of 
the  linkage  positions  in  which  the  translating  link  is 
required  to  carry  a  compression  load.  The  expanding  links 
are,  however,  free  to  expand  when  necessary  to  permit  the 
ramps  to  be  fully  unfolded. 

7,3  Launch  Mechanism 

The  launch  mechanism  is  similar  to  the  Task  I  preliminary  design,  but  was 
modified  to  fold  more  compactly  in  the  stowed  position  on  the  trailer  so  that 
the  bridge  rests  directly  on  the  trailer  bed.  To  accomplish  this,  the 
actuating  cylinders  for  the  boom  and  tongue  are  located  between,  rather  than 
in  line  with,  the  longitudinal  members  of  the  boom  and  tongue. 
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7.<  Launch  Sequence  (Append Ik  a,  Drawing  £-4193-012,  Sheet  2) 

1.  Position  trailer.  This  step  is  accomplished  while 
communicating  with  observing  personnel  in  an  accompanying 
vehicle. 

2.  Start  power  supply  engine.  This  step  is  done  from  inside 
the  tow  vehicle  using  the  glow  plug  switch  and  starter 
push  button  on  the  remote  control  panel.  It  can  be  done 
while  the  trailer  is- being  moved  into  position. 


3.  Deploy  outriggers.  Hydraulic  cylinders  rotate  the 

outriggers  to  a  vertical  position.  The  cylinders  are 
controlled  by  a  solenoid  valve  actuated  from  within  the 
tow  vehicle  by  3-position  (extend-off-retract)  push 
buttons  on  the  remote  control  panel.  (All  of  the  following 
launch  functions  are  controlled  in  the  same  way.) 
Estimated  time  is  15  seconds. 

4.  Lower  outriggers  to  level  the  trailer  laterally.  The 

outriggers  are  controlled  separately.  Estimated  time  is  30 
seconds, 

5.  Launch  bridge.  The  operator  coordinates  actuation  of  the 
boom,  tongue,  and  both  pairs  of  folding  cylinders  to  raise 
and  unfold  the  bridge  simultaneously  and  to  set  it  down  on 
the  far  bank.  Estimated  time  is  180  seconds. 

6.  Retract  lock  pins.  Hydraulic  cylinders  retract  the  lock 

pins,  disengaging  them  from  the  pick-up  sockets  in  the 

toes  of  the  bridge  ramps.  Estimated  time  is  5  seconds. 

7.  Lower  bridge  on  near  bank.  The  tongue  cylinders  are 

extended  as  required  to  set  the  bridge  down  on  the  near 
bank.  On  a  bank  with  lateral  slope,  adjusting  the 

outriggers  may  be  necessary  to  lower  the  bridge  to  an 
equillbriun  position.  Estimated  time  is  10  seconds. 
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8.  Raise  and  stow  outriggers.  Estimated  time  is  15  seconds. 

9.  Disengage  launch  mechanism  from  bridge.  The  trailer  is 

towed  forward  to  withdraw  the  tongue  cross-pin  from  the 
pick-up  slots  in  the  bridge  and  to  break  the  hydraulic 
connections.  This  step  can  be  done  before  the  outriggers 
are  fully  stowed.  Estimated  time  is  15  seconds. 

10.  Stow  launch  mechanism.  Boom  and  tongue  actuating  cylinders 
are  retracted.  (This  step  can  be  done  while  driving  away.) 
Estimated  time  is  80  seconds. 

11.  Shut  off  power  unit  and  drive  away.  Estimated  total 

launch  time  is  4.5  minutes. 

7.5  Retrieval  Sequence 

1.  Position  trailer.  This  step  requires  communicating  with 

personnel  on  the  ground  or  in  an  accompanying  vehicle. 

2.  Start  power  unit  engine. 

3.  Extend  boom  and  tongue  actuating  cylinders.  Estimated  time 
is  80  seconds. 

4.  Engage  launch  mechanism  with  bridge.  This  step  is  done  by 
lowering  the  tongue  and  backing  up  the  trailer  until  the 
cross-pin  of  the  tongue  is  seated  in  the  pick-up  slots  of 
the  bridge  and  the  hydraulic  connections  are  engaged. 
Direct  supervision  by  the  operator  is  required.  Estimated 
time  is  60  seconds. 

5.  Deploy  and  lower  outriggers.  Estimated  time  is  30  seconds. 

6.  Raise  bridge  off  near  bank.  The  tongue  actuating  cylinders 
are  partially  retracted,  lifting  the  bridge  until  the  lock 
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pins  are  alined  with  the  pick-up  sockets  in  the  toes  of 
the  bridge  ramps.  Estimated  time  is  20  seconds. 

Engage  lock  pins.  Estimated  time  is  5  seconds. 

Raise  and  fold  bridge,  and  stow  it  on  trailer.  The 
operator  coordinates  actuation  of  the  boom,  tongue,  and 
both  pairs  of  folding  cylinders  to  raise  and  fold  the 
bridge  simultaneously  and  lower  it  onto  the  trailer. 
Estimated  time  is  3  minutes. 

Raise  and  stow  outriggers.  Estimated  time  is  15  seconds. 

Shut  off  power  unit  engine  and  drive  away.  Estimated  total 
retrieval  time  is  6.5  minutes. 
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8.0  TASK  IIIC2.  DOUBLE-SCISSORS  BRIDGE 


8.1  System  Characteristics 

This  system  concept  is  illustrated  in  preliminary  design  form  in  Appendix 
A,  Drawing  E-4193-013.  It  is  similar  to  the  Task  IIIC1  system  except  that  the 
bridge  is  narrowed  for  loading  in  the  C-141  aircraft  by  moving  the  treadways 
closer  together  rather  than  by  removable  deck  extensions.  Narrowing  and 
widening  operations  are  accomplished  through  the  launch  mechanism.  The  bridge 
can  be  widened  under  power  after  unloading  from  the  aircraft,  or  it  can  be 
towed  to  the  launch  site  in  the  narrow  configuration  and  widened  under  power 
by  remote  control  Just  before  launch. 


8.2  Bridge 

The  dimensions  of  this  bridge  are  as  follows: 


Span:  60  ft 

Overall  Length:  62  ft,  6  in. 

Roadway  Width:  126  in. 

Overall  Width  (including  curbs):  130  in. 
Air  Transport  Width:  110  in. 

Ground  Transport  Width:  110  or  130  in. 


The  bridge  is  similar  to  the  Task  IIIC1  preliminary  design  except  for  the 
following  changes: 


o 


The  decks  do  not  have  detachable  edge  extensions.  Each 
treadway  has  a  1-piece  deck  that  is  45  in.  wide,  like  the 
existing  Army  design.  Upstanding  curbs  identical  to  those 
used  in  the  Task  I,  IIA,  IIB,  and  IIIC1  designs  are 
attached  to  the  outer  edges  of  the  decks  by  means  of 
fasteners  designed  to  fail  under  overload  conditions 
without  damaging  the  deck. 
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o  Addition  of  hinges  to  the  vertical  braces  permit  the 
braces  to  fold  as  the  bridge  is  narrowed  for  air 
transport.  A  rod  connects  the  vertical  braces  of  each 
bridge  section.  When  the  bridge  is  widened  and  unfolded, 
the  ends  of  the  rods  in  the  three  sections  of  the  bridge 
butt  each  other,  locking  the  braces  in  the  straight 
position.  The  braces  are  lightly  spring-loaded  toward  the 
folded  position  by  torsion  springs  in  the  pivots  to  break 
the  toggle  effect  at  the  beginning  of  the  narrowing 
operation. 

o  The  mountings  at  one  end  of  the  longitudinal  braces  were 
provided  with  elongated  slots  to  permit  the  braces  to 
collapse  as  the  bridge  is  narrowed.  When  the  bridge  is 
widened,  the  pins  in  the  ends  of  the  braces  seat  against 
the  ends  of  the  slots  and  the  braces  function  as  tension 
members . 

8.3  Launch  Mechanism 


The  launch  mechanism  is  similar  to  the  Task  IIIC1  preliminary  design 
except  that  a  mechanism  was  added  to  narrow  and  widen  the  bridge.  Two  tubular 
cross-members  were  added  to  the  tongue,  each  containing  two  cylindrical 
slides.  The  pick-up  pins  which  engage  the  four  pick-up  sockets  in  the  bridge 
are  mounted  on  these  slides.  An  hydraulic  motor  can  drive  these  slides  inward 
or  outward  by  two  lead  screws  driven  through  a  connecting  shaft  and 
gearboxes,  narrowing  the  bridge  for  air  transport  or  widening  it  for 
deployment,  while  the  pick-up  pins  remain  engaged  in  the  pick-up  sockets.  The 
lead  screws  are  protected  from  dust  and  dirt  by  flexible  accord ian-type 
boots . 

8. A  Launch  Sequence  (Appendix  A,  Drawing  E-A 193-012,  Sheet  2) 

1.  Position  trailer.  This  step  is  accomplished  while 

communicating  with  observing  personnel  in  an  accompanying 
vehicle. 
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2. 


Start  power  supply  engine.  This  step  is  done  from  inside 
the  tow  vehicle  using  the  glow  plug  switch  and  starter 
push  button  on  the  remote  control  panel.  It  can  be  done 
while  the  trailer  is  being  moved  into  position. 

3.  Deploy  outriggers.  Hydraulic  cylinders  rotate  the 
outriggers  to  a  vertical  position.  The  cylinders  are 
controlled  by  a  solenoid  valve  actuated  from  within  the 
tow  vehicle  by  3-position  (extend-off-retract )  push 
buttons  on  the  remote  control  panel.  (All  of  the  following 
launch  functions  are  controlled  in  the  same  way.) 
Estimated  time  is  15  seconds. 

4.  Lower  outriggers  to  level  the  trailer  laterally.  The 
outriggers  are  controlled  separately.  Estimated  time  is  30 
seconds. 

5.  Widen  bridge  to  130  in.  This  step  can  be  done,  if  desired, 
at  any  time  before  reaching  the  launch  site.  The  boom 
cylinders  are  actuated  to  lift  the  bridge  slightly  off  the 
supports.  The  hydraulic  motor  is  then  operated  to  rotate 
the  lead  screws  and  drive  the  bridge  to  its  full  width. 
During  the  widening  operation,  the  two  sides  of  the  bridge 
are  maintained  parallel  by  the  vertical  braces,  which  are 
interconnected  by  rods  as  described  above.  Estimated  time 
is  30  seconds. 

6.  Launch  bridge.  The  operator  coordinates  actuation  of  the 
boom,  tongue,  and  both  pairs  of  folding  cylinders  to  raise 
and  unfold  the  bridge  simultaneously  and  set  it  down  on 
the  far  bank.  Estimated  time  is  180  seconds. 

7.  Withdraw  pick-up  pins  from  sockets  in  toes  of  bridge  ramp. 
The  hydraulic  motor  is  actuated,  causing  the  lead  screws 
to  move  the  pick-up  slides  inward.  In  this  position,  the 
inboard  pick-up  pins  are  withdrawn  from  the  sockets  in  the 
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ramp  toes,  but  the  outboard  pick-up  pins  remain  engaged 
with  the  pick-up  slots  on  the  sides  of  the  bridge  girders. 
Thus,  the  near  end  of  the  bridge  is  still  supported  by  the 
outboard  pick-up  pins.  Estimated  time  is  15  seconds. 

8.  Lower  bridge  on  near  bank.  The  tongue  cylinders  are 
extended  as  required  to  set  the  bridge  down  on  the  near 
bank.  On  a  bank  with  lateral  slope,  adjusting  the 
outriggers  may  be  necessary  to  lower  the  bridge  to  an 
equilibrium  position.  Estimated  time  is  10  seconds. 

9.  Raise  and  stow  outriggers.  Estimated  time  is  15  seconds. 

10.  Disengage  outboard  pick-up  pins  from  bridge.  The  trailer 
is  towed  forward  to  withdraw  the  outboard  pick-up  pins 
from  the  pick-up  slots  in  the  bridge.  This  step  can  be 
done  before  the  outriggers  are  completely  stowed. 
Estimated  time  is  15  seconds. 

11.  Stow  launch  mechanism.  Boom  and  tongue  actuating  cylinders 
are  retracted.  (This  step  can  be  done  while  driving  away.) 
Estimated  time  is  80  seconds. 

12.  Shut  off  power  unit  engine  and  drive  away.  Estimated 
launch  time  is  as  follows: 

o  4.7  minutes  if  the  bridge  is  widened  before  reaching 
the  launch  site. 

o  5.2  minutes  if  the  bridge  is  widened  at  the  launch 
site. 

8«5  Retrieval  Sequence 

1.  Position  trailer.  This  step  requires  communicating  with 
personnel  on  the  ground  or  in  an  accompanying  vehicle. 
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Start  power  unit  engine 


Extend  boom  and  tongue  actuating  cylinders.  Estimated  time 
is  80  seconds. 

Engage  launch  mechanism  with  bridge.  The  tongue  is  lowered 
until  the  outboard  pick-up  pins  rest  on  the  pick-up  slots 
of  the  bridge,  and  the  trailer  is  backed  up  until  the 
outboard  pick-up  pins  are  seated  in  the  pick-up  slots. 
This  step  requires  supervision  by  an  operator  on  the 
ground.  Estimated  time  is  60  seconds. 

Deploy  and  lower  outriggers.  Estimated  time  is  30  seconds. 

Raise  bridge  off  near  bank.  The  tongue  actuating  cylinders 
are  partially  retracted,  lifting  the  bridge  until  the 
inboard  pick-up  pins  are  alined  with  the  pick-up  sockets 
in  the  toes  of  the  bridge  ramps.  Estimated  time  is  20 
seconds. 

Engage  pick-up  pins.  The  hydraulic  motor  is  actuated, 
causing  the  lead  screws  to  move  the  pick-up  slides 
outward.  This  drives  the  inboard  pick-up  pins  into  the 
sockets  in  the  toes  of  the  bridge  ramps,  and  the  outboard 
pick-up  pins  through  the  pick-up  slots  into  sockets  in  the 
girder  sides.  Estimated  time  is  15  seconds. 

Raise  and  fold  bridge,  and  stow  it  on  trailer.  The 
operator  coordinates  actuation  of  the  boom,  tongue,  and 
both  pairs  of  folding  cylinders  to  raise  and  fold  the 
bridge  simultaneously  and  lower  it  onto  the  trailer. 
Estimated  time  is  3  minutes. 

Raise  and  stow  outriggers.  Estimated  time  is  3  minutes. 

Shut  off  power  unit  engine  and  drive  away.  Estimated  total 
retrieval  time  is  6.7  minutes. 


73 


Arthur  D  Little  Inc 


ft. 


9.0  TRAILER 


9.1  Required  Characteristics 

The  special  requirements  of  the  assault  bridge  system  preclude  the  use  of 
a  standard  commercially  available  trailer  with  only  minor  Modification.  The 
trailer  is  (to  a  greater  degree  in  some  of  the  concepts*  than  in  others)  an 
integral  part  of  the  launch  and  retrieval  system  and  will  require  special 
design  that  should  consider  the  characteristics  described  below. 

9.1.1  Frame  Construction 


During  launch  and  retrieval,  a  heavy  bending  moment  is  exerted  on  the 
trailer  frame  because  of  the  cantilever  method  of  handling  the  bridge,  exc  <pt 
for  the  Task  IIIB  beam-launch  bridge.  The  longitudinal  frame  members  of  the 
trailer  must  therefore  be  designed  for  greater  strength  than  would  be 
required  if  their  only  function  were  to  carry  the  payload.  In  addition, 
provision  must  be  made  to  house  the  hydraulic  power  supply  system  in  front  of 
the  bridge;  this  provision  requires  special  frame  construction  in  the  drawbar 
area.  Meeting  these  requirements  with  an  efficient,  low-weight  structure 
compatible  with  air  transport  necessitates  special  design  of  the  trailer 
frame  for  the  application. 

The  trailer  frames  for  the  scissors  and  double-scissors  bridge  systems, 
as  shown  in  the  preliminary  design  drawings,  are  fabricated  from  6061-T6 
aluminum  I  and  channel  sections.  Approximately  equivalent  weight  can  be 
achieved  by  steel  construction,  using  formed  sections  of  T-1  high  strength 
steel . 

The  Task  1IIA  flip-launch  and  IIIB  beam-launch  bridge  systems  require 
additional  unusual  trailer  frame  design.  The  flip-launch  bridge  trailer  frame 
has  dual  longitudinal  rectangular  tubular  beams  to  accommodate  the  required 
telescoping  drawbar  rails.  The  beam-launch  bridge  trailer  frame  is  built 
around  a  large,  central,  rectangular  tubular  beam  which  houses  the 

telescoping  launch  traverse  beam. 
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9.1.2  Running  Gear  and  Suspension 

Because  of  the  poor  cross-country  mobility  characteristics  inherent  in 
varying  degrees  in  the  concepts  as  a  result  of  the  overall  length  and 
configuration  of  the  bridge/trailer  combination,  the  design  of  the  suspension 
requires  special  attention.  The  preliminary  design  drawings  indicate  two 
suspension  innovations  to  enhance  cross-country  mobility. 

The  first  is  the  use  of  a  2-position  attachment  of  the  suspension  to  the 
trailer  frame.  Each  preliminary  design  drawing  shows,  in  solid  lines,  the 
position  of  the  wheels  for  ground  transport.  Also  shown,  in  phantom  lines,  is 
a  second  wheel  position,  farther  to  the  rear  and  higher,  which  is  used  for 
air  transport.  The  ground  transport  position  limits  the  static  load  on  the 
tow  hitch  to  1000  lb,  and  raises  the  trailer  frame  to  improve  approach  and 
departure  angles  and  to  provide  clearance  for  suspension  deflection.  Loading 
the  system  into  C-I'H  aircraft  in  that  configuration  would  not  be  feasible. 
Therefore,  before  loading,  the  front  jackpost  and  rear  outriggers  are 
deployed  and  lowered  to  jack  up  the  trailer  frame  and  take  the  weight  off  the 
suspension.  The  running  gear  is  then  detached  from  the  frame  and  moved  to  the 
rear  air  transport  position. 

In  the  scissors  bridge,  flip-launch,  and  beam-launch  concepts,  the  two 
positions  are  far  enough  apart  so  that  the  suspension  can  simply  be  bolted  to 
the  frame  at  the  two  positions.  In  the  double-scissors  bridge  concept,  the 
two  positions  are  so  close  together  that  the  difference  in  height  would  have 
to  be  achieved  by  means  of  removable  spacers  or  by  pinned  connections  to  side 
plates  extending  downward  from  the  frame. 

The  preliminary  design  drawings  indicate  a  6  in.  difference  in  height 
between  the  air  transport  position  and  the  ground  transport  position.  A 
greater  increase  in  height  would  further  Improve  approach  and  departure 
angles,  but  at  the  expense  of  a  higher  center  of  gravity.  The  prototype 
trailers  should  be  designed  to  permit  the  testing  of  different  suspension 
heights  to  determine  the  optimum  height  for  best  overall  cross-country 
mobility  characteristics. 
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The  second  innovation  is  the  use  of  an  8-wheel  leaf  spring  suspension 
(except  in  the  Task  IIIC1  and  IIIC2  concepts)  to  provide  high-flotation 
characteristics.  The  use  of  this  suspension  is  not  feasible  in  the  Task  IIIC1 
and  II1C2  concepts  because  of  the  shorter  trailer;  there  would  be 
interference  between  the  inner  wheels  and  the  launch  mechanism.  This 
suspension,  shown  in  an  existing  trailer  design  in  Figure  2,  comprises  two 
independent  units,  each  having  four  12.00-16.50  tires,  which  are  mounted 
directly  under  longitudinal  frame  members  of  each  side  of  the  trailer.  Each 
of  these  units  is  highly  flexible  about  the  lateral  and  longitudinal  axes,  as 
shown  in  Figure  3,  assuring  excellent  load  distribution  among  the  tires.  The 
fact  that  the  suspension  is  made  up  of  two  separate  units  facilitates  the 
repositioning  of  the  running  gear  for  air  transport.  The  disadvantages  of  the 
8-wheel  suspension  are  the  added  weight  and  cost:  the  8-wheel,  12.00-16.50 
tire  suspension  is  estimated  to  be  approximately  2200  lb  heavier  than  a  more 
conventional  4-wheel  suspension  using  14.00-17.50  tires.  A  suspension  of  this 
type  in  an  existing  trailer  design  is  illustrated  in  Figures  4  and  5. 

The  4-wheel  suspension  would  have  adequate  load  capacity  for  the  scissors 
and  double-scissors  bridges,  but  not  for  the  flip-launch  and  beam-launch 
bridges.  The  cross-country  mobility  characteristics  of  the  4-wheel  suspension 
would  presumably  not  be  as  good  as  those  of  the  8-wheel  suspension.  It  would 
be  possible  to  test  both  types  of  suspension  in  the  prototype  systems  (except 
for  the  Task  IIIC1  and  IIIC2  concepts)  to  determine  whether  the  8-wheel 
suspension  provides  enough  mobility  improvement  to  justify  the  weight  and 
cost  trade-offs. 

Both  suspension  innovations  described  above,  the  2-position  suspension 
and  the  8-wheel  suspension,  were  suggested  by  a  representative  of  Eidal 
International  Corporation,  Albuquerque,  New  Mexico,  and  Figures  2  through  5 
are  included  through  the  courtesy  of  that  company.  Eidal  International 
provided  the  most  helpful  information  of  the  trailer  manufacturers  contacted 
during  the  study.  Also,  Eidal  has  successfully  applied  the  8-wheel 
suspension  in  oil  field  equipment  trailers. 
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FIGURE  2  EXISTING  TRAILER  DESIGN,  8-WHEEL  SUSPENSION 


130.80  CM 


FIGURE  3  DEFLECTION  CHARACTERISTICS  OF  8-WHEEL  SUSPENSION 


FIGURE  4  EXISTING  TRAILER  DESIGN.  4-WHEEL  SUSPENSION 


9.1.3  Tow  Hitch 


The  tow  lunette  requires  sufficient  vertical  adjustment  to  accommodate 
the  difference  in  height  among  the  tow  pintles  of  all  of  the  potential  tow 
vehicles.  In  all  concepts  except  the  Task  I,  IIA,  and  IIB  scissors  bridges, 
an  additional,  substantial  vertical  adjustment  of  the  lunette  is  required 
during  loading  in  C— 1 M 1  aircraft  to  avoid  interference  between  the  rear  of 
the  bridge  and  the  top  of  the  cargo  space.  A  rack  and  pinion  mechanism 
actuated  by  handcrank  through  a  small  gearbox  can  provide  this  adjustment.  It 
can  also  be  used  to  position  the  lunette  for  towing,  which  is  locked  in  place 
by  a  bolted  clamp  for  ground  transport.  In  the  case  of  the  Task  I,  IIA,  and 
IIB  scissors  bridge  concepts,  the  lunette  can  simply  be  bolted  to  the  front 
of  the  drawbar  at  different  heights  to  accommodate  the  tow  vehicles. 

In  all  concepts  except  the  Task  IIIB  beam-launch  system,  a  large  upward 
force  is  exerted  on  the  tow  hitch  during  the  cantilever  launch.  This  force 
amounts  to  approximately  3600  lb  for  the  single-scissors  bridges  and  8700  lb 
for  the  double-scissors  bridges.  The  lunette  assembly  will  have  to  be 
designed  for  this  load,  and  all  potential  tow  vehicles  will  have  to  be 
checked  to  determine  whether  their  tow  pintle  mountings  are  capable  of 
accepting  the  load. 

9.1.4  Brakes 


Since  the  tracked  tow  vehicles  will  not  have  an  air  supply  available 
on-board  to  actuate  trailer  brakes,  a  hydraulic  surge  or  Inertial  braking 
system  will  have  to  be  provided.  Surge  brakes  will  complicate  the  design  of 
the  lunette  assembly,  and  surge  braking  may  not  be  adequate  in  view  of  the 
mass  of  the  system.  Also,  because  of  the  mass  of  the  tow  vehicle,  it  is  not 
certain  that  trailer  braking  will  be  necessary  with  tracked  vehicles.  During 
detailed  design  of  the  system,  braking  requirements  will  have  to  be  carefully 
analyzed  to  select  and  specify  the  most  appropriate  braking  method.  There  are 
three  evident  possibilities  at  this  time: 

o  Surge  brakes  only,  for  both  wheeled  and  tracked  tow 
vehicles. 
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o 


Air  brakes  only;  no  braking  when  towed  by  a  tracked 
vehicle. 


o  Hydraulic  brakes,  actuated  by  an  air-over-hydraulic  system 
when  the  tow  vehicle  has  an  air  supply,  and  by  surge  when 
no  air  supply  is  available. 

9.2  Compliance  with  MIL-C-52437B(ME) 

The  trailer  for  the  assault  bridge  system  will  conform  with  many  of  the 
requirements  of  MIL-C-52437B(ME) ,  Military  Specification,  Chassis,  Trailer, 
Single-  and  Multi-Axle,  Class  CCE,  Size  14.  However,  it  will  have  to  deviate 
from  several  of  these  requirements  to  meet  the  special  needs  of  this 
application.  These  deviations  include: 

o  Trailer  curb  weight.  Keeping  trailer  curb  weight  within 
the  specified  4000  lb  maximum  does  not  appear  feasible. 
Preliminary  estimates  of  the  trailer  weight  for  the 
various  system  concepts  range  from  6000  to  9700  lb, 
depending  upon  the  type  of  suspension  used. 

o  Overall  length.  Only  the  trailer  for  the  double-scissors 
bridge  concepts  (Tasks  X1IC1  and  IIIC2)  meets  the  maximum 
trailer  length  specification  of  300  in. 

o  Overall  width.  The  trailers  for  all  concepts  exceed  the 
maximum  width  specification  of  96  in.  The  running  gear 
should  utilize  the  full  110  in.  width  permitted  by 
aircraft  loading  restrictions  to  achieve  maximum  stability 
in  cross-country  travel. 

o  Trailer  bed  height.  Because  of  the  great  overall  length  of 
bridge  and  trailer,  raising  the  bed  height  far  above  the 
specified  30  in.  maximum  is  necessary  to  achieve  approach 
and  departure  angles  which  are  reasonable  for 
cross-country  travel. 
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10.0  HYDRAULIC  POWER  SUPPLY 


All  system  concepts  utilize  the  same  hydraulic  power  supply  unit  design. 
This  unit  is  powered  by  a  4-cylinder  air-cooled  diesel  engine  which  must  be 
capable  of  an  output  of  approximately  27  horsepower  (hp)  at  2000  revolutions 
per  minute  (rpm)  on  an  intermittent-duty  basis.  The  engine  incorporates  a 
glow-plug  starting  system  and  solenoid-actuated  electric  starter.  The  engine 
is  directly  coupled  to  a  hydraulic  vane  pump  capable  of  delivering  10  gallons 
per  minute  (gpm)  at  2000  rpm  at  a  continuous  pressure  of  2500  pounds  per 
square  inch  (psi)  and  an  intermittent  pressure  of  3000  psi.  A  pilot-operated 
relief  valve  controls  system  pressure.  A  20  gallon  reservoir  is  required. 

The  control  valves  are  3-position  closed-center  double-solenoid  valves 
actuated  by  remote  control  from  the  cable-connected  control  panel.  A  total  of 
9  to  12  control  valves  is  required,  depending  upon  the  concept. 

For  maximum  protection,  the  hydraulic  power  supply  unit  is  located 
between  the  main  longitudinal  beams  of  the  trailer.  To  estimate  the  weight, 
we  assumed  that  the  unit  would  be  protected  by  1  in.  aluminum  armor  on  all 
sides  and  on  the  top. 
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11,0  AIR  TRANSPORT 


11.1  Conformity  with  Requires enta 

The  draft  ROC  requires  that  the  light  assault  b.  3ge  be  transportable  in 
the  C-1M1  family  of  aircraft.  Permissible  preparation  time  for  aircraft 
loading  is  30  minutes,  and  permissible  time  to  prepare  the  bridge  system  for 
ground  transport  after  off-loading  from  the  aircraft  is  30  minutes. 

All  of  the  preliminary  designs  described  in  Chapters  2  through  8  are 
capable  of  meeting  these  requirements.  However,  the  air  transportability 
characteristics  of  the  concepts  differ,  primarily  with  respect  to  the 
preparation  time  required  before  loading  and  after  off-loading,  and  the 
degree  of  difficulty  of  the  loading  and  off-loading  operations.  The  air 
transportability  characteristics  of  the  concepts  are  discussed  and  compared 
in  Chapter  13. 

In  all  concepts,  the  trailer  with  the  bridge  in  place  can  be  loaded  in 
and  off-loaded  from  the  C-1*41  aircraft  by  its  tow  vehicle,  and  can  be 
transported  without  exceeding  the  load  or  space  limitations  of  the  aircraft. 

If  the  tow  vehicle  and  trailer  are  to  be  transported  together,  the  tow 
vehicle  can  be  driven  forward  up  the  loading  ramp  into  the  aircraft,  towing 
the  trailer  behind  it.  If  the  tow  vehicle  is  not  to  be  transported,  it  can 
push  the  trailer  backward  up  the  ramp  into  the  aircraft. 

11.2  Preparation  for  Loading 

In  all  concepts,  two  operations  must  be  performed  to  prepare  the  trailer 
and  bridge  for  air  transport.  These  operations  are  as  follows: 

1.  Moving  the  trailer  running  gear  to  a  position  to  the  rear 
of  and  higher  than  the  ground  transport  position.  The 
purpose  of  this  operation  is  to  reduce  the  rear  overhang 
and  the  rear  height  of  the  bridge  on  the  trailer  to  avoid 
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interferences  with  the  ground,  loading  ramp,  or  top  of  the 
cargo  space.  This  operation  must  be  performed  for  all 
concepts  if  the  trailer  is  to  be  pushed  backwards  into  the 
aircraft,  but  only  in  the  Task  IIIA  and  IIIB  concepts  if 
the  tow  vehicle  and  trailer  are  to  be  driven  forward  into 
the  aircraft.  To  move  the  running  gear,  the  trailer  is 
jacked  up  to  take  the  weight  off  the  suspension,  using  the 
outriggers  at  the  rear,  actuated  by  the  hydraulic  power 
unit  and  a  manually  operated  jackpost  at  the  front.  The 
running  gear  is  then  unbolted  from  the  trailer  frame  and 
rolled  to  the  air  transport  position,  the  trailer  is 
lowered,  and  the  running  gear  is  rebolted  to  the  frame. 

2.  Narrowing  the  bridge  from  its  full  deployed  width  of  130 
in  to  the  air  transport  width  of  110  in.  In  the  Task  I, 
HA,  IIIA,  IIIB,  and  IIIC1  concepts,  this  operation  is 
done  by  manually  removing  and  stowing  the  detachable  deck 
edge  extensions  as  described  in  Chapter  2.  In  the  Task 
IIB  and  IIIC2  concepts,  it  is  accomplished  under  power  by 
operating  the  launch  mechanism  to  raise  the  bridge 
slightly  off  the  trailer  and  actuating  the  bridge 
narrowing  mechanism  to  move  the  treadways  Inward.  The 
details  of  bridge  and  launch  mechanism  design  required  to 
accomplish  this  are  described  in  Chapter  4. 

The  estimated  times  required  to  prepare  the  system  for  both 
forward  and  backward  loading  in  the  aircraft  is  included  in  Chapter  13 
for  all  concepts. 

11.3  Loading  Procedure 

11.3.1  Forward  Loading 


In  all  concepts,  the  tow  vehicle  is  driven  forward  up  the  loading 
ramp,  with  the  trailer  following.  In  all  cases,  the  required  6  in. 
clearance  from  door  and  cargo  compartment  sides  and  top  is  maintained. 
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In  all  except  the  Task  IIIC1  and  IIIC2  concepts,  there  is  little 
clearance  between  the  ground  and  the  rear  end  of  the  bridge  or  trailer 
when  the  trailer  wheels  are  just  starting  up  the  ramp.  However,  even 
if  there  is  some  contact  with  the  ground  in  that  position,  it  should 
not  be  a  problem. 

11.3.2  Rearward  Loading 

In  all  concepts,  with  the  running  gear  in  the  air  transport 
position,  the  trailer  can  be  pushed  backward  onto  the  loading  ramp  by 
the  tow  vehicle  without  the  rear  end  of  the  bridge  or  trailer  striking 
the  ramp.  In  the  Task  I,  IIA,  and  IIB  concepts,  the  trailer  can  be 
pushed  up  the  ramp  and  into  the  cargo  compartment  without  any 
adjustments  being  made  during  the  process.  In  the  Task  I  concept,  the 
rear  end  of  the  bridge  clears  the  top  of  the  cargo  space  by 
approximately  4  in.,  while  in  the  Task  IIA  and  IIB  concepts,  the 
specified  6  in.  clearance  is  maintained.  In  the  Task  IIIA,  IIIB, 
IIIC1,  and  IIIC2  concepts,  the  front  of  the  trailer  must  be  raised 
when  the  trailer  has  reached  the  point  where  its  wheels  are 
approaching  the  top  of  the  ramp.  This  step  is  necessary  to  avoid 
interference  between  the  top  rear  end  of  the  bridge  and  the  top  of  the 
cargo  compartment.  It  is  accomplished  by  vertical  adjustment  of  the 
trailer  lunette,  using  a  manually  operated  mechanism  as  described  in 
Chapter  9.  At  the  time  this  adjustment  must  be  made,  the  tow  hitch  is 
readily  accessible  from  ground  level.  Figures  6  through  12  show,  for 
each  concept,  the  critical  position  where  there  is  minimum  clearance 
between  the  rear  end  of  the  bridge  and  the  top  of  the  cargo  space.  The 
amount  of  lunette  adjustment  required  to  maintain  a  6  in.  clearance 
from  the  top  of  the  cargo  compartment  is  shown  for  each  concept  in 
these  figures.  When  the  loading  operation  has  been  completed,  the  tow 
hitch  is  uncoupled,  and  the  tow  vehicle  drives  down  the  ramp. 
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11.»  Off-Loading  Procedure 

11. A. 1  Off-Loading  After  Forward  Loading 

When  the  tow  vehicle  and  trailer  are  loaded  by  the  forward  loading 
procedure,  they  are  unloaded  by  backing  the  tow  vehicle  out  of  the 
aircraft  and  down  the  ramp,  with  the  trailer  preceding  the  vehicle.  In 
all  except  the  Task  IIIC1  and  IIIC2  concepts,  as  the  trailer  wheels 
approach  the  bottom  of  the  ramp,  there  is  close  clearance  and  possibly 
some  contact  between  the  rear  end  of  the  bridge  or  trailer  and  the 
ground. 

11. <.2  Off-Loading  After  Rearward  Loading 

When  the  trailer  is  loaded  by  the  rearward  loading  procedure,  the 
first  steps  in  off-loading  are  to  back  the  tow  vehicle  up  the  ramp  and 
couple  the  tow  hitch.  The  tow  vehicle  is  then  driven  down  the  ramp, 
pulling  the  trailer  behind  it.  In  the  Task  IA,  IIA,  and  IIB  concepts, 
no  adjustments  are  required  during  this  operation.  In  the  Task  IIIA, 
IIIB,  IIIC1,  and  IIIC2  concepts,  at  a  point  when  the  trailer  wheels 
are  part  way  down  the  ramp,  the  lunette  must  be  returned  to  its  normal 
towing  height,  using  the  manual  procedure  described  in  Section  11.3.2 
This  step  must  be  done  before  the  trailer  wheels  reach  the  bottom  of 
the  ramp  or  the  rear  end  of  the  bridge  or  trailer  will  strike  the 
ramp. 

11.5  Preparation  for  Ground  Transport 

After  off-loading  the  system,  if  the  trailer  running  gear  is  in 
the  air  transport  position  it  must  be  moved  to  the  ground  transport 
position  by  the  method  described  in  Section  11.2.  In  addition,  the 
bridge  must  be  widened  to  its  deployed  width.  In  concepts  IA,  IIA, 
IIIA,  IIIB,  and  IIIC1,  this  is  done  by  manually  attaching  deck  edge 
extensions  as  described  in  Chapter  2.  In  concepts  IIB  and  IIIC2,  it  is 
accomplished  under  power  by  the  launch  mechanism,  reversing  the 
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procedure  described  in  Section  11.2.  However,  in  concepts  IIB  and 
IIIC2,  deployment  of  the  bridge  to  operating  width  may  be  delayed 
until  reaching  the  launch  site,  if  desired.  The  estimated  time 
required  to  prepare  the  system  for  ground  transport  after  off-loading 
is  the  same  as  the  preparation  time  for  loading  shown  in  Table  15  in 
Chapter  13  for  all  concepts. 
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12.0  COST  ESTIMATES 


12.1  Introduction 


The  cost  for  design  and  construction  of  two  prototype  systems  was 
estimated  for  each  of  the  system  concepts  described  in  Chapters  2  through  8. 
Table  2  in  Chapter  1  summarized  these  estimates;  Tables  4  through  10  presents 
the  estimates  in  more  detail  for  each  concept. 

12.2  Methodology 

12.2.1  Develop— nt  Costs 

Design  tasks  were  listed  for  each  concept,  and  engineering,  design,  and 

detail  drafting  times  were  estimated  for  aach  task.  Parametric  costs  were 

calculated  at  $40  per  hour,  including  overhead,  GAA,  and  fee.  The  development 

cost  Includes  a  rough  estimate  of  the  tin  of  contactor  personnel  and  should 

be  used  only  for  relative  comparisons  between  bridging  systems.  The  cost  of 

time  spent  by  government  personnel  is  not  included. 

a 

12.2.2  Construction  Costs 


The  drawings  of  the  Army  design  of  the  bridge  end  launch  mechanism  were 
used  to  estimate  the  costs  of  the  Task  1  sclssors-bridge  concept.  Included 
were  msterlals  and  labor  costs  for  making  each  part,  and  labor  cost  for 

assembly  and  checkout.  This  Task  I  estimate  was  then  used  ss  the  baseline 

cost  for  estimating  the  other  concepts.  For  the  other  scissors  and 

doubl e-sci ssor s-br i dge  concepts,  the  costs  of  additional  parts  and  operations 
estimated  and  added  to  the  baseline  cost.  For  the  flip-launch  and 

beam-launch  bridge  concepts,  material  and  labor  costs  were  extrapolated  from 
the  baseline  cost  estimate,  using  factors  based  on  relative  size  and  weight. 
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TABLE  4.  ESTIMATED  COST,  TASK  I  SCISSORS  BRIDGE 
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$40  per  hour,  including  overhead,  G&A,  and  fee. 
10%  x  total  costs. 

Includes  20%  scrap  allowance. 


15%  x  (labor  &  materials)  +  10%  x  (tooling  +  setup  +  trailer) 
Includes  srrnp  nHoivmrc. 


TABLE  6.  ESTIMATED  COST,  TASK  IIB  SCISSORS  BRIDGE 
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Includes  20%  scrap  allowance. 
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$40  per  hour  including  overhead,  G&A,  and  fee. 

30%  x  (labor  &  materi'  s)  +  15%  x  (tooling  +  setup  +  trailer). 
Includes  20%  scran  allowance. 


TABLE  8.  ESTIMATED  COST,  TASK  I I IB  BEAM- LAUNCH  BRIDGE 
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To  be  used  only  for  relative  comparisons  between  bridges. 

$40  per  hour  including  overhead,  G&A,  and  fee. 

35%  x  (labor  +  materials)  +  15%  x  (tooling  +  setup)  +  20%  trailer. 
Includes  2Q%  scrap  allowance. 


TABLE  9.  ESTIMATED  COST,  TASK  IIIC1  DOUBLE-SCISSORS  BRIDGE 
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$40  per  hour,  including  overhead,  G&A,  and  fee. 

20%  x  (labor  +  materials)  +  10%  x  (tooling  +  setup  +  trailer). 
Includes  20%  scrap  allowance. 


TABLE  10.  ESTIMATED  COST,  TASK  IIIC2  DOUBLE-SCISSORS  BRIDGE 
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25%  x  (labor  +  materials)  +  10%  x  (tooling  +  setup  +  trailer). 
Includes  20%  scrap  allowance. 


The  following  unit  costs  for  materials  and  labor  were  used  in  formulating 
the  estimates: 

o  Raw  materials: 


Aluminum  extrusions,  7005-T53  $3. 85/lb 
Aluminum  bar,  70750T651  3.30/lb 
Aluminum  sheet  and  plate,  6061-T6  1.90/lb 
Steel,  T-1,  ASTM  A514,  Gr.  F  1.30/lb 
Steel,  4340  1.00/lb 
Steel,  4140  0.80/lb 
Steel,  A36  0.80/lb 


MERADCOM  was  the  source  for  the  cost  of  7005-T53 
aluminum  extrusions,  based  on  previous  purchase  of  deck 
extrusions,  converted  to  1982  dollars.  The  source  for 
the  remaining  raw  materials  was  telephone  quotations 
from  local  vendors,  converted  to  1982  dollars. 

o  Purchased  Components:  The  costs  of  major  purchased 
components  were  obtained  by  using  telephone  quotations 
from  local  vendors  and  converting  them  to  1982  dollars. 
Costs  for  hardware  and  miscellaneous  components  were 
estimated . 

o  Labor:  $40  per  hour,  including  overhead,  G&A,  and  fee. 


12.2.3  Trailer  Cost 


Several  trailer  manufacturers  produced  trailer  cost  quotations 
based  on  preliminary  drawings  and  applicable  sections  of 
MIL-C-52437B(ME),  CCE  version.  These  estimates  ranged  from  $5,400  to 
$16,731  per  unit,  but  were  not  considered  to  reflect  a  realistic 
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assessment  of  the  special  requirements  of  the  application.  The  trail 
manufacturer  that  appeared  to  have  the  best  appreciation  of  1 
magnitude  of  the  applications,  Eidal  International  Corporatlc 
declined  to  submit  a  quotation  until  design  details  were  establish* 
Thus,  with  no  accurate  information  available,  ROM  estimates  were  u: 
for  trailer  cost. 
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13.0  COMPARISON  OF  SYSTEM  CONCEPTS 
13«1  Introduction 

The  characteristics  used  to  compare  the  seven  system  concepts  are 
discussed  in  this  section. 

13.1.1  Bridge.  General  Characteristics 

Table  11  presents  the  general  characteristics  of  the  bridge  for  each 
concept.  These  characteristics  are  discussed  below: 

Number  of  Hinge  Points:  Self-explanatory 

Ramp  Folding  Direction:  Self-explanatory 

Pinning  Mechanisms:  Since  their  hinges  are  in  their  upper 

surfaces,  the  flip-launch  and  beam-launch  bridges  require 
pinning  mechanisms  to  connect  the  bottom  chords.  The  scissors 
and  double-scissors  bridges,  which  are  hinged  at  the  bottom, 
require  no  pinning  mechanisms,  an  advantage  for  simplicity  and 
reliability  reasons. 

Type  of  Folding  Mechanism:  The  folding  mechanism  in  the 
scissors  bridges  must  only  exert  tension  to  unfold  the  bridge 
during  launch  or  control  its  folding  during  retrieval;  gravity 
provides  the  folding  force.  In  the  flip-launch,  beam-launch, 
and  double-scissors  bridge,  the  folding  mechanisms  must  be 
capable  of  exerting  both  tension  and  compression  forces  to 
power  the  movement  of  the  ramps  in  both  directions, 
complicating  the  design  of  the  folding  mechanisms  and  resulting 
in  the  use  of  rollers  operating  in  tracks. 

Hydraulic  Cylinders  in  Bridge:  Locating  the  hydraulic 

cylinders  that  operate  the  folding  mechanisms  in  the  bridge 
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TABLE  11.  BRIDGE,  GENERAL  CHARACTERISTICS 
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rather  than  in  the  launch  mechanism  is  considered  a 
disadvantage  because  it  requires  the  use  of  hydraulic 
disconnects  at  the  launch  mechanism/bridge  interface,  and  the 
cylinder  is  exposed  to  damage  during  use  of  the  bridge. 

Method  of  Harrowing  for  Air  Transport:  Two  methods  of 

narrowing  the  bridge  for  air  transport  are  used  in  the 
concepts.  In  one  method,  manually  detachable  deck-edge 
extensions  are  used.  They  are  stowed  on  or  under  the  trailer 
frame  during  air  transport  and  are  attached  after  unloading 
from  the  aircraft.  In  the  other  method,  the  bridge  has  folding 
cross-bracing,  and  the  launch  method  is  capable  of  narrowing 
and  widening  the  bridge  either  under  power  or  by  handcrank. 
This  facilitates  preparing  the  bridge  for  ground  travel  after 
unloading  it  from  the  aircraft.  It  also  permits  ground 
transport  to  the  launch  site  in  the  narrow  configuration,  if 
desirable. 

Curbs:  In  the  flip-launch  and  beam-launch  bridges,  since  the 

top  surfaces  of  the  deck  fold  flat  against  each  other  when  the 
ramps  are  folded,  the  curbs  must  be  capable  of  folding  flat 
when  the  bridge  is  stowed  and  then  moving  into  operating 
position  as  the  ramps  are  unfolded  before  launch.  In  the 
scissors  and  double-scissors  bridges,  this  complication  is  not 
necessary;  the  curbs  can  be  integral  with  the  deck  or  deck 
extensions. 

13.1.2  Bridge.  Physical  Characteristics 

Table  12  presents  the  physical  characteristics  of  the  bridge. 
These  characteristics  for  the  deployed  bridge  are  discussed  below: 

Span:  The  minimus  span  allowed  by  the  draft  ROC  is  60  feet.  A  23 
meter  (a)  span  was  listed  in  a  previous  draft  ROC  as  a  desirable 
characteristic,  but  is  not  so  listed  in  the  revised  draft  ROC, 

dated  15  September  1981. 
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TABLE  12.  BRIDGE,  PHYSICAL  CHARACTERISTICS 


1 


Overall  Length:  Self-explanatory. 

Roadway  Width:  This  clear  roadway  width  inside  the  curbs  is  the 
same  for  all  concepts. 

Overall  Width:  This  overall  width  including  the  curbs  is  the  same 
for  all  concepts. 

Space  Between  Treadways;  This  open  space  is  not  covered  by  infill 
decking  and  is  the  same  for  all  concepts. 

Height  Including  4  in.  Curbs:  This  overall  height  at  the  center 
of  the  bridge  is  from  the  bottom  of  the  bottom  chords  to  the  top 
of  the  curbs. 

Toe  Height:  This  height  is  the  outside  diameter  of  the  tubes 
which  form  the  toes  of  the  bridge.  The  Trilateral  Design  and  Test 
Code  requires  a  maximum  toe  height  of  100  millimeters  (3.91* 
inches). 

The  physical  characteristics  for  the  folded  bridge  are  discussed 
below: 

Length:  This  measurement  Is  the  folded  length  of  the  bridge  only, 
including  any  projection  of  the  folding  mechanism. 

Width,  Ground  Transport:  This  measurement  is  the  overall  width  of 
the  bridge  only,  with  deck-edge  extensions,  if  any,  in  place.  The 
Task  IIB  and  IIIC2  bridges  can  be  transported  to  the  launch  site 
in  either  a  110  in.  or  a  130  in.  width.  The  138  in.  width  of  the 
flip-launch  and  beam-launch  bridges  is  due  to  the  folded  curbs. 

Width,  Air  Transport:  This  measurement  is  the  overall  width  of 
the  bridge  only,  after  preparation  for  air  transport.  It  is  the 
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same  for  all  concepts  and  is  within  the  111  in.  maximum  width 
specified  for  loading  in  C-141  aircraft. 


Height,  without  Curbs:  This  overall  height  of  the  folded  bridge 
does  not  include  the  curbs. 

Height,  including  Curbs:  This  overall  height  of  the  folding 
bridge  includes  the  curbs.  The  curbs  do  not  add  to  the  folded 
height  in  the  flip-launch  and  beam-launch  bridge. 

Weight.  Estimated;  These  weight  estimates  are  based  on  a 
calculation  of  the  weight  of  the  existing  Army  bridge  design,  and 
extrapolation  based  on  size  and  feature  differences  to  estimate 
bridge  weights  for  the  other  concepts. 

13.1.3  System.  Logistical  Characteristics.  Air  Transport 

Figures  13  through  19  illustrate  the  air  transport  configurations 
for  the  seven  concepts.  The  logistical  characteristics  for  air 
transport  are  presented  in  Table  13  and  are  discussed  below. 

Weight.  Estimated,  with  8-Wheel,  12,00-16.50  Tire  Suspension:  A 
breakdown  of  the  estimated  weights  is  shown  in  Table  14. 

Weight.  Estimated,  with  4-Wheel,  14.00-17.50  Tire  Suspension:  The 
4-wheel  suspension  reduces  system  weights  by  2200  lb.  This 
suspension  is  not  considered  feasible  for  the  flip-launch  and 
beam-launch  bridges  because  of  their  greater  weights  and  poor 
cross-country  mobility  characteristics.  There  is  insufficient 
space  for  the  8-wheel  suspension  in  the  double-scissors  bridge 
concepts  because  of  the  short  trailer  and  the  configuration  of  the 
launch  mechanism. 

Meets  C-141  Cargo  Limitations:  All  concepts  conform  to  overall 
dimensional  limitations  and  floor  loading  limitations  for  C-141 
aircraft. 
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FIGURE  13  TASK  I  SCISSORS  BRIDGE,  AIR  AND  GROUND  TRANSPORT  CONFIGURATIONS 


FIGURE  14  TASK  IIA  SCISSORS  BRIDGE,  AIR  AND  GROUND  TRANSPORT  CONFIGURATIONS 


FIGURE  15  TASK  IIB  SCISSORS  BRIDGE.  AIR  AND  GROUND  TRANSPORT  CONFIGURATIONS 


iMH I 


FIGURE  18  TASK  1I1CT  DOUBLE-SCISSORS  BRIDGE.  AIR  AND  GROUND  TRANSPORT  CONFIGURATIONS 


FIGURE  19  TASK  IIIC2  DOUBLE-SCISSORS  BRIDGE,  AIR  AND  GROUND  TRANSPORT  CONFIGURATIONS 


TABLE  13.  SYSTEM,  LOGISTICAL  CHARACTERISTICS,  AIR  TRANSPORT 
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lIn  all  concepts,  no  lunette  height  adjustment  is  required  during  forward  loading. 
Numerical  ratings  are  comparative;  lower  numbers  indicate  better  ratings. 
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Overall  Length:  This  measurement  is  the  overall  length  with  the 
bridge  stowed  on  the  trailer. 

Overall  Width:  This  overall  width  of  the  bridge  and  trailer  is 
with  the  bridge  in  the  air  transport  configuration. 

Overall  Height:  This  overall  height  of  the  bridge  and  trailer  is 
with  the  trailer  suspension  in  the  air  transport  position,  taken 
at  the  highest  point  of  the  bridge.  The  highest  point  of  the 
scissors  bridges  is  at  the  front  of  the  trailer.  The  highest 
points  of  the  flip-launch  bridges  are  at  the  front  and  rear.  The 
highest  point  of  the  double-scissors  bridges  is  at  the  center  of 
the  bridge,  but  front  and  rear  heights  are  only  4  in.  less. 

Height  at  Wear:  This  height  at  the  rear  of  the  bridge  provides  a 
measure  of  how  difficult  it  is  to  load  the  trailer  into  the 
aircraft  in  the  rearward  direction.  The  critical  position  is  at 
the  top  of  the  ramp:  the  greater  the  rear  height  of  the  bridge, 
the  greater  the  problem  of  interference  with  the  top  of  the  cargo 
space. 

Required  Lunette  Height  Adjustment  During  Rearward  Loading;  While 
the  trailer  is  being  pushed  up  the  ramp  by  the  tow  vehicle,  the 
lunette  must  be  adjusted  vertically  this  distance  from  its  normal 
tow  position  to  avoid  encroaching  on  the  6  in.  clearance  required 
between  the  top  rear  of  the  bridge  and  the  top  of  the  cargo  space. 
The  Task  I,  IIA,  and  IIB  scissors-bridge  concepts  can  be  loaded 
without  adjustment  of  the  lunette,  although  the  Task  I  bridge 
encroaches  into  the  6  in.  clearance  zone  by  about  2  in. 

Loading  Difficulty  (Forward):  In  all  concepts,  the  tow  vehicle  can 
be  driven  forward  up  the  ramp,  towing  the  trailer,  without  any 
adjustments  being  required  during  the  loading  procedure.  This 
procedure  should  be  slightly  less  difficult  in  the  double-scissors 
bridge  concepts  because  they  have  greater  clearance  between  the 
rear  end  of  the  bridge  and  the  ground  when  the  trailer  wheels  are 
just  starting  up  the  ramp. 
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Loading  Difficulty  (Rearward):  This  assessment  of  the  overall 
difficulty  of  loading  the  trailer  in  the  rearward  direction  in  the 
C— 141  aircraft  takes  into  account  the  overall  dimensions  and 
configuration  of  each  concept.  Even  though  considerably  longer 
than  the  double-scissors  bridge  concepts,  the  scissors  bridges 
should  be  easier  to  load  in  the  rearward  direction  because  of 
their  lesser  rear  height. 

Loading  Equipment:  In  all  concepts,  loading  the  trailer  in  the 
aircraft  by  means  of  only  the  tow  vehicle  should  be  possible. 

Estimated  Load  Preparation  Time  (Forward  Loading):  This  estimated 
time  is  required  to  prepare  the  bridge  and  trailer  for  forward 
loading  in  the  C-141.  In  the  Task  IIIA  and  IIIB  concepts,  the 
running  gear  must  be  moved  to  the  air  transport  position,  which  is 
considered  a  2-man  task. 

Preparation  Bequirements  (Forward  Loading);  These  operations  must 
be  performed  to  prepare  the  bridge  and  trailer  for  forward  loading 
in  the  C-141. 

Estimated  Load  Preparation  Time  (Rearward  Loading):  This  is  an 
estimate  of  the  time  required  for  two  men  to  prepare  the  bridge 
and  trailer  for  rearward  loading  in  the  C-141.  Moving  the 
suspension  is  considered  a  2 -man  task. 

Preparation  Requirements  (Rearward  Loading):  These  operations 
must  be  performed  to  prepare  the  bridge  and  trailer  for  rearward 
loading  in  the  C-141. 

Preparation  Equipment:  Only  on-board  equipment  (front  Jackpost 
and  rear  outriggers)  and  handtools  are  needed  to  prepare  the 
bridge  and  trailer  for  air  transport.  The  hydraulic  power  supply 
must  be  powered  up  to  operate  the  outriggers. 
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1.1.4  System,  Logistical  Characteristics.  Ground  Transport 

Figures  13  through  19  illustrate  the  ground  transport  configuration  of 
all  concepts.  The  logistical  characteristics  for  ground  transport  are 
presented  in  Table  15  and  are  discussed  below: 

Weight.  Estimated,  with  8-Wheel,  12.00-16.50  Tire  Suspension:  A 
breakdown  of  the  estimated  weights  was  shown  in  Table  14.  This 
suspension  is  not  feasible  for  the  double-scissors  bridge  concepts 
because  of  insufficient  space. 

Weight.  Estimated,  with  4-Wheel,  14.00-17.50  Tire  Suspension:  The 
4-wheel  suspension  reduces  system  weights  by  2200  lb.  The  4-wheel 
suspension  is  not  considered  feasible  for  the  flip-launch  and 
beam-launch  bridges  because  of  the  greater  weights  and 
comparatively  poor  cross-country  mobility  characteristics  of  those 
concepts. 

Overall  Length:  This  measurement  is  the  overall  length  with  the 
bridge  stowed  on  the  trailer. 

Overall  Width:  This  measurement  is  the  overall  width  of  the 
bridge.  The  Task  IIB  and  IIIC2  concept  bridges  can  be  transported 
to  the  launch  at  either  a  110  in.  or  130  in.  width.  The  width  of 
the  trailer  is  110  in.  for  all  concepts. 

Overall  Height:  This  measurement  is  the  overall  height  of  the 
bridge  and  trailer  taken  at  the  highest  point  of  the  bridge,  with 
the  trailer  suspension  in  the  ground  transport  position. 

C,G,  Height:  This  measurement  is  the  estimated  height  of  the 
center  of  gravity  of  the  entire  system  above  the  ground,  with  the 
suspension  in  the  ground  transport  position.  A  lower  center  of 
gravity  aids  in  negotiating  lateral  slopes  in  cross-country 
travel. 
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Approach  Angle:  Figures  13  through  19  indicate  this  angle  for  the 
seven  concepts.  The  angles  for  all  concepts  are  smaller  than  for 
other  typical  military  trailers  intended  for  cross-country  travel 
(see  Figures  2  and  <0. 

Departure  Angle:  Figures  13  through  19  indicate  this  angle  for 
the  seven  concepts.  The  angles  for  all  concepts  are  smaller  than 
for  other  typical  military  trailers  intended  for  cross-country 
travel.  The  double-scissors  concepts  have  the  largest  departure 
angles.  However,  in  the  Task  IIA  and  IIB  scissors-br idge 
concepts,  the  design  can  be  modified  to  increase  the  rear  height 
by  ^out  4  in.  This  modification  would  reduce  the  aircraft 
loading  clearance  to  exactly  the  required  6  in.  and  would  increase 
the  ground  transport  departure  angles  to  be  approximately  equal  to 
those  of  the  double-scissors  concepts. 

Overall  Highway  Mobility:  This  rank  is  a  comparative  assessment 
of  the  overall  highway  travel  characteristics  of  the  concepts. 
The  double-scissors  bridge  concepts  receive  the  best  rating 
because  of  their  shorter  length,  but  all  concepts  exceed  the 
length  and  width  limitations  of  MIL-C-52437B(ME) ,  CCE  version. 

Overall  Cross-Country  Mobility:  This  rank  is  a  comparative 
assessment  of  the  overall  cross-country  mobility  characteristics 
of  the  concepts.  The  double-scissors  bridge  concepts  receive  the 
best  rating  because  of  shorter  length,  lower  center  of  gravity, 
and  larger  approach  angles,  but  none  of  the  concepts  has 
cross-country  mobility  characteristics  equal  to  typical 
military-trailer-borne  equipment. 

Positioning  for  Launch  and  Retrieval:  This  rank  is  a  comparative 
assessment  of  the  overall  ease  of  positioning  the  trailer  for 
launch  or  retrieval.  Overall  length  is  the  principal  criterion. 
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Estimated  Preparation  Time  After  Unloading  From  Aircraft  (Forward 
Loading):  This  estimate  time  is  required  to  prepare  the  bridge  and 
trailer  for  towing  to  the  launch  site  after  unloading  them  from 
the  forward-loaded  position  in  the  C-141.  In  the  Task  IIIA  and 
IIIB  concepts,  the  running  gear  must  be  moved  to  the  ground 
transport  position,  which  is  considered  a  2-man  task.  The 
estimated  times  for  the  Task  IIB  and  IIIC2  concepts  include 
widening  the  bridge  to  deployed  width,  although  this  can  be  done 
on  the  way  to  or  at  the  launch  site  if  desired. 

Preparation  Requirements  (Forward  Loading):  These  operations  must 
be  performed  to  prepare  the  bridge  and  trailer  for  towing  to  the 
launch  site  after  unloading  them  from  the  forward-loaded  position 
in  the  C-141. 

Estimated  Preparation  Time  after  Unloading  from  Aircraft  (Rearward 
Loading):  This  estimated  time  is  for  two  men  to  prepare  the 
bridge  and  trailer  for  towing  to  the  launch  site  after  unloading 
them  from  the  rearward-loaded  position  in  the  C-141.  Moving  the 
suspension  is  considered  a  2-man  task.  The  estimated  times  for 
the  Task  IIB  and  IIC2  concepts  include  widening  of  the  bridge  to 
deployed  width,  although  this  can  be  done  on  the  way  to  or  at  the 
launch  site  if  desired. 

Preparation  Requirements  (Rearward  Loading):  These  operations 
must  be  performed  to  prepare  the  bridge  and  trailer  for  towing  to 
the  launch  site  after  unloading  them  from  the  rearward-loaded 
position  in  the  C-141. 

Preparation  Equipment:  Only  on-board  equipment  (front  jackpost 
and  rear  outriggers)  and  handtools  are  needed  to  prepare  the 
bridge  and  trailer  for  ground  transport.  The  hydraulic  power 
supply  must  be  powered  up  to  operate  the  outriggers  (it  is 
desirable  to  check  this  out  operationally  before  proceeding  to  the 
launch  site).  In  the  Task  IIB  and  IIIC2  concepts,  the  bridge  must 
be  widened  under  power. 
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13.1.5  System,  Operational  Characteristics,  Launch 

Table  16  presents  the  operational  characteristics  for  system 
launch.  These  characteristics  are  discussed  below: 

Launch  Method:  Self-explanatory. 

Launch  Mechanism:  Self-explanatory. 

Estimated  Launch  Time  after  Positioning  Trailer:  These  estimated 
launch  times  take  into  account  the  mass  of  the  bridge,  the 
difficulty  of  controlling  each  step,  and  the  capacity  of  the 
hydraulic  power  supply.  The  estimated  launch  times  for  the 
flip-launch  and  beam-launch  bridges  exceed  the  5  minute  maximum 
time  permitted  by  the  draft  ROC. 

Manning:  The  tow  vehicle  driver  and  the  launch  operator  can 

launch  the  bridges,  with  assistance  in  positioning  the  trailer 
from  an  observer  in  another  vehicle.  In  an  emergency,  the  bridges 
could  probably  be  launched  successfully  by  the  tow  vehicle  driver, 
provided  he  is  trained  in  the  operation  of  the  launch  mechanism. 

Skill  Level:  No  new  or  special  Military  Occupation  Specialty 

(MOS)  identifier  is  required  to  support  the  operational  capability 
of  any  of  the  concepts. 

Launch  Procedure  Complexity:  This  comparative  rating  of  the 
complexity  of  the  launch  procedure  takes  into  account  the  number 
and  relative  difficulty  of  the  functions  required. 

Number  of  Control  Functions:  The  control  functions  are  identified 
in  Table  17. 

Operator  Exposure  Outside  Vehicle:  The  only  concept  requiring 

personnel  to  leave  the  tow  vehicle  during  launch  is  the 
beam-launch  bridge,  which  requires  that  the  trailer  be  unhitched 
from  and  rehitched  to  the  tow  vehicle. 
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TABLE  16.  SYSTEM,  OPERATIONAL  CHARACTERISTICS,  LAUNCH 
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Bridge  widened  at  launch  site 


TABLE  16  (CONTINUED) 
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Launch  in  Poor  Visibility  (Smoke):  This  is  an  assessment  of  the 
relative  difficulty  of  launching  the  bridge  in  poor  visibility 
such  as  under  cover  of  smoke.  The  scissors  and  double-scissors 
bridge  concepts  are  considered  easier  to  launch  under  such 
conditions  because  of  their  overhead  launching  method,  in  which 
visibility  of  the  far  bank  should  be  less  important  than  in  the 
cantilever  launch  procedures  used  in  the  flip-launch  and 
beam-launch  bridge  concepts. 

Vulnerability  to  Small  Arms  Fire:  The  launch  mechanisms  for  the 
scissors  and  double-scissors  bridges,  consisting  primarily  of 
pivoted  arms,  are  considered  less  vulnerable  to  jamming  from  the 
effects  of  small  arms  fire  than  are  the  sliding  mechanisms  used  in 
the  flip-launch  and  beam-launch  bridge  concepts. 

Vulnerability  to  Artillery  Fire;  Same  comments  as  above. 

Vulnerability  to  NBC;  No  significant  difference  between  the 
concepts  is  apparent. 

Length  on  Bank,  not  Including  Tow  Vehicle;  This  measurement  is  an 
indication  of  the  extent  of  level  or  uniformly  sloping  space  that 
must  be  available  on  the  bank  to  permit  stvcc.^ssful  ;«tnch. 

Width:  This  measurement  is  the  same  for  all  concepts. 

Maximum  Height  during  Launch:  This  measurement  is  the  maximum 

height  above  the  ground  reached  by  any  part  of  the  bridge  during 
launch. 

Static  Upward  Force  on  Tow  Pintle:  This  force  is  required  to 

counterbalance  the  system  during  the  cantilever  launch  and,  in 
general,  is  directly  proportional  to  the  bridge  weight  and  length 
and  inversely  proportional  to  trailer  length.  The  beam-launch 
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bridge  requires  no  external  counterbalancing  because  the  light 
traverse  bean  can  be  counterbalanced  by  the  trailer  alone. 

Static  Force  on  Level  Bank  at  Fulcrum:  This  force  is  the  sura  of 
system  weight  and  pintle  force. 

Haxiraura  Lateral  Wind  Moment  at  2.88  Pounds  per  Square  Foot:  This 
wind  pressure  is  equivalent  to  a  28.8  knot  wind  during  launch  as 
specified  in  the  Trilateral  Design  and  Test  Code.  This  moment  is 
calculated  at  the  point  of  maximim  exposure  of  the  bridge.  In  all 
cases,  its  effect  is  relatively  small  compared  to  the  dead  weight 
loads  and  is  significant  only  in  the  scissors  and  double-scissors 
concepts . 

Maximum  Moment  due  to  the  10%  Lateral  Slope;  The  10%  lateral 
slope  is  specified  in  the  draft  ROC.  The  moment  shown  in  Table  17 
is  calculated  based  on  the  height  of  the  center  of  gravity  of  the 
bridge  above  the  ground. 

Equivalent  Fulcrum  Force,  including  Maximum  Lateral  Wind  and 
Slope:  This  equivalent  force  is  calculated  by  converting  the 
moments  dus.  to  wind  and  lateral  slope  to  equivalent  forces  and 
adding  them  to  the  level  bank  fulcrum  loads. 

Required  Fulcrum  Area  at  15.95  Pounds  per  Square  Inch:  This 
fulcrum  or  outrigger  area,  required  to  support  the  system  on  the 
bank  during  launch,  is  based  on  15.95  lb/sq.  in.  in  maximum 
bearing  pressure  as  specified  in  the  Trilateral  Design  and  Test 
Code. 

Effect  of  10%  Longitudinal  Slope:  This  condition  should  cause  no 
problems  with  the  overhead  cantilever  launch  bridges,  but  in 
combination  with  a  higher  far  bank,  makes  launching  of  the 
flip-launch  and  beam-launch  bridges  more  difficult. 
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Launching  to  a  Higher  Far  Bank:  This  should  not  be  a  problem  with 
the  overhead  cantilever  launch  bridges,  but  in  combination  with  a 
slope  toward  the  gap,  can  make  launching  of  the  flip-launch  and 
beam-launch  bridges  more  difficult. 

Safety:  Because  personnel  are  not  required  to  be  near  the  bridge 
during  launch  in  any  of  the  concepts,  all  systems  appea *  equally 
safe  with  respect  to  possible  injury  from  launching  accidents. 

Ability  to  Launch  Manually  in  an  Emergency:  Launching  by  manual 
methods  in  an  emergency  does  not  appear  to  be  feasible  in  any  case 
except  the  beam-launch  concept.  In  that  case,  the  forces  required 
to  extend  the  traverse  beam  and  roll  the  bridge  across  it  may  be 
low  enough  so  that  the  bridge  could  conceivably  be  launched  by 
manual  methods  under  favorable  conditions,  i.e.,  banks  of  equal 
height.  However,  a  crane  would  be  needed  to  extend  the  ramps  if 
the  on-board  unfolding  system  were  not  operating. 


13. 1.6  System.  Operational  Characteristics,  Retrieval 

Table  18  presents  operational  characteristics  for  system  retrieval. 
These  characteristics  are  discussed  below: 

Estimated  Retrieval  Time  after  Positioning  Trailer:  These 

estimated  times  take  into  account  the  mass  of  the  bridge,  the 
difficulty  of  controlling  each  step,  and  the  capacity  of  the 
hydraulic  power  supply. 

Manning:  For  all  concepts,  bridge  retrieval  can  be  accomplished 

by  the  tow  vehicle  driver  and  the  launch  operator. 


136 


Arthur  I)  Little  Inc 


Operator  Exposure  outside  Vehicle:  In  all  concepts,  the  operator 
must  leave  the  tow  vehicle  to  position  the  launch  mechanism  and 
engage  it  with  the  pick-up  points  of  the  bridge. 

Retrieval  from  Either  End:  In  all  concepts,  the  bridge  can  be 
retrieved  either  from  the  launch  end  or  the  opposite  end. 
However,  in  the  Task  IIA  and  I  IB  concepts,  retrieval  from  the 
opposite  end  will  take  a  little  longer  because  of  the  need  to 
reposition  the  folding  mechanism  of  the  bridge. 

Retrieval  Feasible  by  any  Vehicle  capable  of  Launching  the  Bridge: 
Self  explanatory. 

13.1.7  System,  RAM  Characteristics 

Table  19  presents  the  RAM  characteristics  of  the  system.  These 
characteristics  are  discussed  below: 

Reliability:  The  operational  reliability  of  the  scissors  and 
double-scissors  bridge  concepts  is  expected  to  be  superior  to  that 
of  the  flip-launch  and  beam-launch  bridge  concepts  because  of  the 

comparative  simplicity  of  the  launch  system  and  mechanism  and 
because  all  elements  of  the  launch  mechanism  fully  engage  with  the 
interface  points  on  the  bridge  and  stay  engaged  until  the  bridge 
is  launched  across  the  gap  and  set  down  on  the  far  bank.  In 
addition,  wide  usage  of  the  overhead  cantilever  launch  method  has 
demonstrated  that  it  is  feasible  and  reliable. 

Availability:  The  operational  availability  of  the  flip-launch  and 
beam-launch  bridge  systems  is  expected  to  be  lower  than  that  of 
the  other  concepts  because  of  the  greater  complexity  of  the  launch 
mechanisms. 
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Maintainability:  The  scissors  and  double-scissors  bridge  systems 
are  expected  to  be  easily  maintained  because  the  launch  mechanism 
is  conventional  and  relatively  simple.  It  is  also  easily 
accessible  even  when  the  bridge  is  on  the  trailer,  since  the 
launch  mechanism  and  hydraulic  power  supply  are  located  at  the 
extreme  ends  of  the  trailer.  The  flip-launch  and  beam-launch 
bridge  systems  utilize  more  complex  launch  mechanisms,  and  some 
elements  of  the  launch  mechanisms  are  located  in  places  where 
there  is  comparatively  poor  accessibility,  particularly  when  the 
bridge  is  on  the  trailer. 

Tools:  Design  of  all  systems  should  be  possible  so  that  no 

special  tools  will  be  needed  other  than  repair  kits. 

Lubricants:  None  of  the  concepts  should  require  the  use  of 

nonstandard  lubricants. 

Decontamination :  The  scissors  and  double-scissors  bridge  systems 

have  good  accessibility  for  decontamination  procedures.  The 
flip-launch  and  beam-launch  systems  are  not  as  good  in  this 
respect,  because  they  both  have  long  telescoping  members. 


13.1.8  System,  General  Characteristics 

Table  20  presents  the  general  characteristics  of  the  system. 
These  characteristics  are  discussed  below: 

Life:  None  of  the  systems  appears  to  have  inherent 

characteristics  which  would  prevent  it  from  being  designed  for  the 
required  life  of  5000  Military  Load  Class  30  (MLC)  crossings. 
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Cost  for  Design  and  Construction  of  Two  Prototype  Systems 
(Estimated):  A  breakdown  and  explanation  of  the  cost  estimates 

are  provided  in  Chapter  12. 

Development  Risk:  The  scissors  bridge  concepts,  particularly  the 
Task  I  concept,  are  based  on  widely  used  principles  and  an 
existing  prototype  design.  The  double-scissors  bridge  concept  has 
been  demonstrated  in  prototype  form.  The  flip-launch  and 
beam-launch  concepts  are  new,  although  some  elements  of  each  were 
used  in  the  bridging  for  the  80 's  System. 

13.2  Trade-Off  Analysis 

13.2.1  Summary 


The  preferred  design  concept  is  the  Task  IIB  single-fold  scissors 
bridge  with  folding  cross-bracing  that  permits  narrowing  the  bridge 
for  air  transport.  This  concept's  launch  mechanism  is  capable  of 
narrowing  and  widening  the  bridge  and  performing  all  launch  and 
retrieval  functions,  including  actuating  the  bridge  folding  linkage. 
However,  in  view  of  the  relatively  poor  cross-country  mobility 
characteristics  of  all  concepts,  it  is  possible  that  cross-country 
mobility  may  become  an  overriding  consideration.  If  so,  the  Task 
IIIC2  double-scissors  bridge  system  would  become  the  preferred 
concept.  The  selection  procedure  and  rationale,  based  on  the 
information  contained  in  the  previous  tables  in  this  chapter,  are 
discussed  below. 

13.2.2  Comparison  of  Task  IIIA  Flip-Launch  Bridge  to 
Scissors-Brldge  Concepts 

The  flip-launch  bridge  system  has  the  following  advantages  over 
the  scissors  bridge  concepts: 
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Bridge  Characteristics:  The  flip-launch  bridge  has  a  24  m  span; 
however,  the  draft  ROC  requires  only  a  60  ft.  (18.3  m)  span. 

Air  Transport  Characteristics:  No  advantages. 

Ground  Transport  Characteristics:  Slightly  lower  overall  height. 

Launch  and  Retrieval  Characteristics; 


a.  Lower  launch  profile. 

b.  Less  effect  by  wind  and  lateral  slope. 

RAM  Characteristics:  No  advantages. 

General  Characteristics;  No  advantages. 

The  flip-launch  bridge  system  has  the  following  disadvantages  with 
respect  to  the  scissors  bridge  concepts: 

Bridge  Characteristics;  The  design  is  considerably  more  complex 
because  of  the  need  for  bottom  chord  pinning  mechanisms  and  the 
various  features  that  interface  with  the  launch  mechanism. 

Air  Transport  Characteristics: 

a.  Greater  total  weight. 

b.  Greater  overall  length. 

c.  Greater  height  at  the  rear. 

d.  A  large  adjustment  of  lunette  height  required  during 
rearward-loading  into  the  aircraft  because  of  the 
combination  of  overall  length  and  height  at  the  rear. 
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The  rearward  loading  operation  for  this  concept  would  be 
comparatively  difficult. 

e.  Longer  preparation  time  for  loading,  because  the  bridge 
is  longer  and  therefore  has  more  detachable  deck 
extension  sections. 

Ground  Transport  Characteristics: 

a.  Greater  total  weight. 

b.  Greater  overall  length. 

c.  Smaller  angles  of  approach  and  departure. 

d.  Comparatively  poor  overall  cross-country  mobility  as  a 
result  of  the  combination  of  the  above  three 
characteristics. 

e.  Longer  preparation  time  after  unloading  from  the 
aircraft  because  of  the  greater  number  of  deck  extension 
sections . 

Launch  and  Retrieval  Characteristics: 

a.  Longer  launch  time  (estimated  time  exceeds  the  5  minute 
maximum  launch  time  specified  in  the  draft  ROC). 

b.  More  complex  launch  and  retrieval  procedures. 

c.  Greater  vertical  load  on  tow  pintle. 

d.  Greater  fulcrum  load  on  bank. 

e.  More  space  on  bank  required. 

f.  More  difficult  to  launch  in  poor  visibility. 

g.  Greater  difficulty  in  launching  from  a  longitudinal  slope 
to  a  higher  far  bank. 

h.  Greater  vulnerability  of  the  launch  mechanism  to  small 
arms  and  artillery  fire. 

RAM  Characteristics: 

a.  Probability  of  lower  reliability  because  of  the  heavily 
loaded  moving  interfaces  between  launch  mechanisms  and 
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bridge  during  launch  and  retrieval,  and  the  complexity 
of  bridge  and  launch  mechanism. 

b.  Probability  of  lower  availability  because  of  the 
complexity  of  bridge  and  launch  mechanism. 

c.  Inferior  maintainability  because  of  the  complexity  of 
the  bridge  and  launch  mechanism  and  the  poor 
accessibility  to  parts  of  the  mechanism  when  the  bridge 
is  on  the  trailer. 

d.  Accessibility  for  decontamination  procedures  not  as 
good. 

General  Characteristics: 

a.  Higher  estimated  cost  to  design  and  build  prototype 
systems . 

b.  Greater  risk  of  not  successfully  completing  development  in 
time  to  meet  schedule  requirements. 

It  is  apparent  from  the  above  that  the  shortcomings  of  the  flip-launch 
bridge  system  in  comparison  with  the  scissors  bridge  systems  outweigh  its 
advantages.  The  flip-launch  bridge  is  therefore  eliminated  from  further 
consideration. 
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13.2.3  Comparison  of  Task  IIIB  Beam-Launch  Bridge  to 
Scissors  Bridge  Concepts 

The  beam-launch  bridge  system  has  the  following  advantages  with  respect 
to  the  scissors  bridge  concepts: 

Bridge  Physical  Characteristics:  The  beam-launch  bridge  has  a 

span  of  24  m;  however,  the  draft  ROC  requires  only  a  60  ft  (18.3 
m)  span. 

Air  Transport  Characteristics:  No  advantages. 

Ground  Transport  Characteristics:  Slightly  lower  overall  height. 

Launch  and  Retrieval  Characteristics: 


a.  Lower  launch  profile. 

b.  Less  effect  by  wind  and  lateral  slope. 

c.  Somewhat  lower  fulcrun  load  on  bank. 

d.  Tow  vehicle  not  required  to  remain  at  the  launch  site 
during  launch. 

e.  Manual  launching  may  be  possible  in  an  emergency  under 
some  conditions. 

RAM  Characteristics:  No  advantages. 

General  Characteristics:  No  advantages. 

The  beam-launch  bridge  has  the  following  disadvantages  with  respect  to 
the  scissors  bridge  concepts: 

Bridge  Characteristics:  The  design  is  considerably  more  complex, 
because  of  the  need  for  bottom  chord  pinning  mechanisms  and  the 
various  features  that  interface  with  the  launch  mechanism. 
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a.  Greater  overall  length. 

b.  Greater  height  at  rear. 

c.  Of  all  concepts,  greatest  total  weight. 

d.  A  large  adjustment  of  lunette  height  required  during 
rearward  loading  into  the  aircraft  because  of  the 
combination  of  overall  length  and  height  at  the  rear. 
The  rearward-loading  operation  for  this  concept  would  be 
comparatively  difficult. 

e.  Longer  preparation  time  for  loading  because  the  bridge 
is  longer  and  therefore  has  more  detachable  deck 
extension  sections. 


Ground  Transport  Characteristics: 


a.  Greater  overall  length. 

b.  Of  all  concepts,  greatest  total  weight. 

c.  Of  all  concepts,  smallest  angles  of  approach  and 
departure. 

d.  Relatively  poor  overall  cross-country  mobility  as  a 
result  of  the  combination  of  the  above  three 
characteristics. 

e.  Longer  preparation  time  after  unloading  from  the 
aircraft  because  of  the  greater  number  of  deck  extension 
sections. 


Launch  and  Retrieval  Characteristics: 

a.  Of  all  concepts,  longest  launch  and  retrieval  times. 

b.  More  complex  launch  and  retrieval  procedures. 

c.  More  difficult  to  launch  in  less-than-adequate 
visibility. 

d.  Greater  difficulty  in  launching  from  a  longitudinal 
slope  to  a  higher  far  bank. 

e.  The  trailer  required  to  be  unhitched  from  the  tow 
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vehicle  before  launch,  causing  exposure  of  personnel 
outside  the  vehicle.  For  all  other  concepts,  the  launch 
procedure  can  be  controlled  entirely  from  within  the 
vehicle. 

f.  Of  all  concepts,  greatest  vulnerability  of  the  launch 
mechanisms  to  small  arms  and  artillery  fire. 

RAM  Characteristics: 

a.  Probability  of  lower  reliability  because  of  moving 
interfaces  between  launch  mechanism  and  bridge  during 
launch  and  retrieval,  and  the  complexity  of  the  launch 
mechanism. 

b.  Probability  of  lower  availability  because  of  the 
complexity  of  the  launch  mechanism. 

c.  Maintainability  difficulty  because  of  the  complexity  of 
the  launch  mechanism  and  restricted  accessibility  to 
portions  of  the  launch  mechanism. 

d.  Accessibility  for  decontamination  procedures  not  as 
good. 

General  Characteristi c s : 


a.  Highest  estimated  cost  to  design  and  build  prototype 
systems . 

b.  Greatest  risk  of  not  successfully  completing  development 
in  time  to  meet  schedule  requirements. 

It  is  apparent  that  the  disadvantages  of  the  beam-launch  bridge  system  in 
comparison  with  the  scissors  bridge  systems  far  outweigh  its  advantages.  The 
beam-launch  bridge  is  therefore  eliminated  from  further  consideration. 

13. 2.M  Comparison  of  Siniie-Sclssors  Bridge  (Task  I,  IIA,  and  I1B) 

Concepts  to  Double-Scissors  Bridge  (Task  IIIC1  and  IIIC2) 

Concepts 

The  single-scissors  bridge  system  concepts  have  the  following  advantages 
over  the  double-scissors  bridge  system  concepts: 
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Bridge  Characteristics: 

a.  Less  overall  complexity:  one  hinge  point  vs.  two. 

b.  Simpler  folding  mechanisms  because  they  are  required  to 
exert  only  tension. 

c.  Lower  weight. 

Air  Transport  Characteristics:  No  lunette  height  adjustment  during 
rearward  loading  in  the  aircraft  because  of  lower  height  at  the 
rear,  although  the  Task  I  bridge  will  clear  the  top  of  the  cargo 
space  by  only  about  4  in.  The  single-scissors  concepts  are 
therefore  easier  to  load  in  the  rearward  direction  than  the 
double-scissors  concepts. 

Ground  Transport  Characteristics:  No  advantages. 

Launch  and  Retrieval  Characteristics: 


a.  Shorter  estimated  launch  and  retrieval  times. 

b.  Less  complex  launch  and  retrieval  procedure,  because 
there  is  only  one  folding  mechanism  to  operate. 

c.  Lower  upward  load  on  tow  pintle. 

d.  Lower  fulcrum  load  on  bank. 

RAH  Characteristics:  The  single-scissors  concepts  have  a  small 
advantage  in  reliability,  availability,  and  maintainability 
because  of  the  simpler  construction  of  the  bridge. 

General  Characteristics:  Lower  estimated  cost  for  design  and 

construction  of  prototypes. 

The  double-scissors  bridge  concepts  have  the  following  advantages 
over  the  single-scissors  bridge  concepts: 
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Bridge  Characteristics:  The  bridge  folds  into  a  more  compact 

package. 

Air  Transport  Characteristics:  Shorter  overall  length. 

Ground  Transport  Characteristics: 

a.  Shorter  overall  length. 

b.  Greater  angles  of  approach  and  departure. 

c.  Significantly  better  cross-country  mobility  as  a  result 
of  combination  of  the  above  two  characteristics. 

Launch  and  Retrieval  Characteristics: 


a.  Less  space  on  the  bank  required. 

b.  Lower  launch  height.  However,  this  potential  advantage 
is  offset  by  several  factors: 

o  Center  of  wind  pressure  is  quite  high  in  comparison 
to  total  height,  so  that  wind  moment  is  nearly  as 
great  as  that  of  the  single-scissors  bridge, 
o  Center  of  gravity  at  maximum  launch  height  is  higher 
than  that  of  the  single-scissors  bridge,  so  lateral 
slope  effect  is  greater. 

o  Longer  launch  time  offsets  the  value  of  lower  launch 
profile. 

RAM  Characteristics:  No  advantages. 

General  Characteristics:  No  advantages. 

It  is  apparent  that  the  single-scissors  concepts  have  several  important 
advantages  over  the  double-scissors  concepts;  the  principal  advantage  of  the 
double-scissors  concepts  is  cross-country  mobility.  The  single- scissors 
concepts  are  therefore  preferred.  However,  none  of  the  concepts  offers 
cross-country  mobility  characteristics  equivalent  to  typical  existing 
military  trailers.  Therefore,  it  is  possible  that  cross-country  mobility  may 
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be  an  overriding  consideration  that  would  mandate  selection  of  a 
double-scissors  bridge  system. 

13.2,5  Comparison  of  Task  I  Scissors  Bridge  Concept  to 
Task  II  Scissors  Bridge  Concepts 

The  Task  I  concept  has  the  following  advantages  over  the  Task  II 
concepts: 

Bridge  Characteristics:  Only  new  design  required  is  addition  of 
detachable  deck  extensions. 

Air  Transport  Characteristics:  No  advantages. 

Ground  Transport  Characteristics:  No  advantages. 

Launch  and  Retrieval  Characteristics:  Minimum  redesign  of 

existing  launch  mechanism  required. 

RAM  Characteristics:  No  advantages. 

General  Characteristics: 

a.  Lower  estimated  cost  to  design  and  build  prototype 
systems . 

b.  Lowest  risk  of  not  successfully  completing  development 
in  time  to  meet  schedule  requirements. 

The  Task  II  concepts  have  the  following  advantages  over  the  Task  I 
concept: 

Bridge  Characteristics:  Hydraulic  cylinders  removed  from  the 

bridge. 

Air  Transport  Characteristics:  Easier  rearward  loading  into  the 
aircraft  as  a  result  of  lower  height  at  the  rear. 
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Ground  Transport  Characteristics:  Better  cross-country  mobility 
because  of  the  significantly  larger  departure  angle. 

Launch  and  Retrieval  Characteristics:  No  advantages. 


RAM  Characteristics:  No  advantages. 

General  Characteristics:  No  advantages. 

The  advantages  of  the  Task  II  concepts  in  air  and  ground  transportability 
characteristics  are  considered  to  outweigh  the  somewhat  lower  cost  and 
development  risk  of  the  Task  I  concept.  The  Task  1  concept  is  therefore 
eliminated  from  further  consideration,  leaving  only  a  choice  between  the  Task 
II A  and  II B  concepts. 

13«2.6  Comparison  of  Task  IIA  and  Task  IIB  Scissors  Bridge  Concepts 

The  Task  IIA  concept  has  the  following  advantages  over  the  Task  IIB 
concept: 

Bridge  Characteristics:  Slightly  lighter  weight. 

Air  Transport  Characteristics:  Somewhat  lower  weight. 

Ground  Transport  Characteristics: 


a.  Somewhat  lower  weight. 

b.  Somewhat  lower  overall  length. 

Launch  and  Retrieval  Characteristics: 

a.  Slightly  shorter  launch  and  retrieval  times. 

b.  Slightly  lower  upward  load  on  fulcrum. 

c.  Slightly  lower  fulcrum  load  on  bank. 

RAM  Characteristics:  No  advantages. 
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General  Characteristics: 


a.  Somewhat  lower  cost  to  design  and  build  prototype 
systems . 

b.  Somewhat  lower  risk  of  not  successfully  completing 
development  in  time  to  meet  schedule  requirements. 

The  Task  IIB  concept  has  the  following  advantages  over  the  Task  IIA 
concept: 

Bridge  Characteristics:  No  loose  pieces  to  stow. 

Air  Transport  Characteristics:  Shorter  preparation  time. 

Ground  Transport  Characteristics: 

a.  Shorter  preparation  time. 

b.  Smaller  overall  width. 

Launch  and  Retrieval  Characteristics:  No  advantages. 


RAM  Characteristics:  No  advantages. 

General  Characteristics:  No  advantages. 

In  the  comparison  of  these  two  bridge  designs,  the  detachable  deck 
extensions  of  the  Task  IIA  concept  are  considered  to  be  equivalent  to  the 
folding  cross-bracing  of  the  Task  IIB  concept  with  respect  to  complexity.  The 
advantages  of  the  Task  IIB  concept  for  ease  of  preparation  after  unloading 
from  the  aircraft  and  the  ability  to  be  towed  to  the  launch  at  reduced  width 
are  considered  more  important  than  the  several  marginal  advantages  of  the 
Task  IA  concept.  The  Task  IIB  concept  is  therefore  the  selected  preferred 
concept. 
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14.0  COMPOSITE 


Under  Task  II,  we  investigated  application  of  composite  materials  to  the 
bridge  and  launch  mechanism  members.  The  use  of  composite  materials  in  the 
trailer-mounted  assault  bridge  is  not  considered  feasible  in  view  of  the 
early  state  of  current  development  of  fiber  composites  in  military  bridges 
and  the  short  development  time  available  in  this  bridge  program.  Accordingly, 
the  investigation  of  composite  materials  was  not  a  major  part  of  this  study; 
however,  the  approximate  impact  on  weight  and  cost  of  the  use  of  such 
materials  was  assessed. 


14.2  Bridge 


Application  of  a  commonly  used,  commercially  available,  carbon  fiber 
epoxy  composite  to  the  Task  I  scissors-bridge  design  provided  a  basis  for 
estimating  weight  and  cost.  The  principal  opportunity  for  weight  saving  is  in 
the  main  tensile  members,  which  are  the  bottom  chords.  In  the  scissors-bridge 
design,  these  members  are  7005-T53  aluminum  extrusions,  each  weighing 
approximately  5.2  lb/ft,  or  a  total  of  1290  lb,  amounting  to  about  18%  of 
total  bridge  weight.  Figure  20  illustrat'  a  conceptual  method  of  using  the 
carbon  fiber  composite  in  the  bottom  chc.us.  This  configuration  is  not  a 
suggested  design  since  it  was  not  investigated  in  detail;  it  is  intended  only 
to  be  a  hypothetical  configuration  upon  which  we  could  base  estimates  of 
weight  saving  and  cost  impact.  The  concept  takes  into  consideration  the 
following  factors: 


o  The  composite  material  is  vulnerable  to  damage  and  should 
be  located  so  that  it  is  protected  from  accidental  damage. 
This  implies  that  the  composite  should  be  placed  inside 
the  remaining  metal  portion  of  the  structure. 
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o  The  metal  should  be  thick  enough  to  resist  puncture  damage 
from  stones,  etc.,  that  might  damage  the  composite.  A 
0.250  in.  thickness  of  aluminum  is  assumed  to  be 
sufficient . 


o  To  minimize  the  amount  of  aluminum  remaining  in  the 

structure,  we  reduced  the  width  of  the  chord  as  much  as 
considered  feasible  in  view  of  the  need  to  attach  the 
folding  hinges. 

o  The  composite  material  will  have  to  be  placed  in  and 

bonded  to  the  chord  before  the  chord  is  welded  to  the 
girder  sides.  Therefore,  the  2  in.  wide  flanges  were 
retained  on  the  chord  to  facilitate  cooling  during  welding 
and  prevent  damage  to  the  composite. 

o  A  section  approximately  10  ft  long  at  the  toe  end  of  the 
chord  will  have  to  be  reinforced  to  withstand  the  high 
compressive  load  that  is  imposed  during  the  cantilever 
launch.  In  Figure  20,  this  reinforcement  is  in  the  form  of 
an  aluminum  sheet  which  is  attached  to  the  chord  by  means 
of  multiple  bolts,  with  the  composite  plys  clamped  between 
the  plate  and  the  extrusion.  The  attachment  at  the  other 
end  is  also  accomplished  by  clamping,  using  the  hinges  as 
the  clamping  members. 


The  properties  of  the  carbon  fiber  composite  used  in  the  example 
(Fiberite  133*»A  HM-S)  at  75°F  are: 


Tensile  strength  =  120,000  psi 
Tensile  modulus  -  22  x  10^  psi 
Interlaminar  shear  =  17,000  psi 
Specific  weight  =  0.058  lb/in. ^ 


The  estimated  weight  saving  in  the  composite  chord  is  as  follows: 


Wt.  of  all  aluminun  chord  :  5.22  lb/ft 
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S  161  lb 


Wt.  of  aluminum  in  composite  chord  s  2.40  lb/ft 

S 

74 

lb 

Wt.  of  composite  in  composite  chord  =  0.78  lb/ft 

s 

24 

lb 

Basic  wt.  of  composite  chord  =  3.18  lb/ft 

* 

98 

lb 

Basic  weight  saving  per  chord 

= 

63 

lb 

Wt.  of  aluminum  reinforcing  sheet 

- 

9 

lb 

Wt.  of  additional  fasteners 

S 

_7 

lb 

Additional  weight 

: 

16 

lb 

Net  weight  saving  per  chord 

- 

47 

lb 

This  weight  saving  is  29$  of  present  chord  weight. 

Net  weight  saving  for  bridge 

- 

376 

lb 

This  weight  saving  is  5.4}  of  bridge  weight. 


This  weight  saving  is  likely  too  small  to  permit  any  significant 
reduction  in  launch  mechanism  or  trailer  weight.  It  is  also  too  small 
to  have  a  significant  impact  on  air  transportability  or  cross-country 
mobility.  The  bulk  and  configuration  of  the  bridge  and  trailer  package 
are  more  important  factors  in  air  and  ground  transportability,  and 
they  are  largely  dictated  by  the  bridge  length  and  width  requirements. 
The  height  of  the  bridge  could  be  reduced  somewhat  through  the  use  of 
the  composite  chord,  but  at  some  sacrifice  in  weight  saving,  and  the 
significance  of  the  height  reduction  in  transportability  would  be  very 
small. 

The  added  construction  cost  for  the  composite  chord  is  estimated 
as  follows: 

Material  cost  (per  bridge): 


All  aluminum  extrusion  chord  at  $3.85  $  4,960 

Composite  chord: 

Aluminum  extrusion  at  $3. 85/lb  $  2,280 

Carbon  epoxy  prepreg  at  $70/lb  13,440 

Aluminum  sheet  at  $1. 90/lb  140 

Fasteners  150 

Total  material  for  composite  chord  $16,010 

Net  added  material  cost  $11,050 
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Labor  cost  (per  bridge)  at  $40/hr: 


Lay  and  bond  composite  prepreg  $  2,560 

Cut  and  fasten  reinforcing  sheet  (drill  holes)  1 ,600 

Total  added  labor  cost  $  4,160 

Total  added  cost  per  bridge  $15,210 


14.3  Launch  Mechanism 


Application  of  composite  materials  to  the  scissors-bridge  launch 
mechanism  does  not  appear  to  offer  weight  savings  that  would 
compensate  for  the  more  complicated  and  costly  construction.  The  parts 
are  relatively  small  and  complex.  The  basic  structure  of  the  two 
principal  components  weighs  approximately  750  lb.  If  a  25%  weight 
saving  could  be  achieved,  it  would  amount  to  approximately  190  lb,  and 
the  added  cost  would  be  high. 

14.4  Trailer 


Another  possible  application  for  composites  is  in  the  main 
longitudinal  beams  of  the  trailer,  which  must  carry  a  heavy  bending 
moment  during  launch.  The  weight  of  these  members  in  the 
scissors-bridge  trailer  is  approximately  880  lb.  A  25%  weight  saving 
would  amount  to  about  22 0  lb,  and  the  construction  would  be  relatively 
simple  compared  to  the  launch  mechanism.  However,  the  composite 
material  would  have  to  be  applied  in  such  a  way  that  it  would  be 
protected  from  abuse  because  the  trailer  may  be  used  for 
general-purpose  hauling  when  a  bridge  is  not  on  board. 
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APPENDIX  A 

PRELIMINARY  DESIGN  DRAWINGS 
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